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Govcmor

Dianne R. Nielson, Ph.D.
Exccutivc Dircctor

Don A. Ostler, P.E.

Dirccior

August l, 1994

Mr. Dave Hodson
Barneys Canyon Mine
POBox 311
Bingham Canyon, UT 84006-031 I

Waste Rock Management Plan,
Ground Water Discharse Permit
No. UGW35000I

Dear Mr. Hodson:

We received your final proposal for the Waste Rogk Management Plan, dated June I , lgg4.
After review of the plan, and discussions on June 23,we are in general agreement with the
proposed concepts and, subject to the following comments, you shotdd proceed to implement
the plan as rapidly as possible

Any waste rock containing more than 0.5% sulfur must go to the specified waste dumpi.
This value appears reasonable as rocks containing more than this amount are easily identified
in hand samples, and much of the remaining sulfir that is in rocks below this level is
combined with barite and copper compounds that are not easily weathered.

The oxide waste dumps are to have a cap and soil cover that allows a vertical flow rate of
about 0.4 inches per year. The pyritic dumps are to have a tighler cap and soil covpr that
allows less than 0.1 inches flow rat€ per year. The flow rate throu$h the sulfide dumps wili
be considerably lower than the natural recharge rate used in dodels of the area. A low flow
rate is a requirement because the amount of dissolved constituents in water percolating
through the dumps will be much greater than under natural eonditions. A statement should be
added to the text referencing the Dames and Moore model that used !,to 4 inches of reclraige
for the area and explaining this requirement. As discussed later we {a*or guahty
assurance/quality control (QA/QC) rather than a large monitoring piograrn of the dumps.

The waste rock plan is tentatively approved subject to the submission for apptoval of more
detailed maps, plans and drawings, as described below, for a modified'grognd,waterpermit
for the new pyritic Melco South dump, and the NBCS backfill pit.

Pr r.rted on recvcled oaoer
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Modifigations,!9, the permit are required because the dumps are considered new structures that
are needed to protect water quality.

A. Pyritic Waste dumps and the backfill pit.

1. We need to review details of the cap, overall design, permeability,
location, soil cover, and revegetation plans. Detailed drawings should
be submitted for the Melco dump and the dump planned inside the
NBCS pit. Also, what will be the water level in the NBCS pit and how
will pit water be controlled during periods of high precipitation?

2. Figure I shows a drain at the base, your text does not describe the
design, pu{pose, or use. If fluid, after a large precipitation event, exits
at dump base, where will it go, what will be the quality and what is its
spatial relation to the pyrite?

B. Design of monitoring lysimeters.

l. During the meeting you stated you favored QA/QC, over monitoring,
inasmuch as 0.1 inch of flow through the pyritic dumps would probably
not yield a measurable quantity. We agree a ground water monitoring
mechanism for the dumps will not be necessary provided you submit an
approvable QA/QC plan for the dump caps. You also stated you may
try lysimeter monitoring of the oxide dumps. We would be interested in
securing details for the monitoring plans and the results.

While the best coarse of action for the highwall sulfide is not readily apparent,
information related to the surface area of the exposed sulfide, in the pits, would
be helpful. However, we believe the various alternative suggestions for item
2,b ' e in your report should be considered as best management practices under
the permit rfurd implemented as appropriate. The wording of the text should be
revised.

We understand you are still evaluating a possible silicate highwall coating for
the Barneys Canyon and the Melco pits. Please provide sufficient information,
such as, cbmpound ntrme, composition and application rate so that we can
determine'that it will not have an adverse affect on the environment.

The proposed Melco South durnp is not located on the map (site plan). The
NBCS durnp should also be labeled.

C.

D.

E.
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A revision of the recently submitted plan may be the simplest and quickest nlCthod tumeet
this request. Everything would then be under one cover.

- 1'' 1:

We appreciate your efforts to make these changes to protect the downgradient water resources.
You will also need to present the dump plans and changes to DOGM for their approval.
Should you wish to discuss this request or need further clarification, please call Mack Croft or
Lyle Stott at 538-6146.

Sincerely,

Utah Water Quality Board

Enclosure

DAO:MGC:wfm:

P:DVEHDSN.LTR
F|IF:BArNEys CANyoN

5F
Salt Lake City/County
Eva Hoffman EPA

I
'-.lt r'.

, i,{,

'llt
'11

lir[ft

.(
'l

$
., 

' l

"t,ll'{-

l./i tgi 
.r;'

i "li

^0- 
a. tUL

Don A. Ostler, P.E.
Executive Secretary

Health Department

t'



:f .+. ^/

Page 3
Michael Lee Pagel
Mto35/009
July 21, 1994

We do have a general concern with the proposed location for the above referenced
topsoil stockpile. As drawn on Plate II-C, it appears that it will be situated in the
bottom of the Barneys Canyon drainage. A drainage bottom is usually not the best
place to locate a topsoil stockpile due to the increased probability of erosional
impacts. It is our recommendation that the stockpile be relocated out of the drainage
profile to a higher elevation thereby minimizing topsoil losses due to water erosion.

R647-4-113 Surety

The surety section in the June 15, 1994 letter proposes a reclamation bond in the
amount of 4.5 million dollars ($4,492,899 rounded). This figure is based on 1,061.9 acres
of disturbance multiplied by $4,23I per acre (1999-$). The reclamation cost estimate section
in the updated draft NOI revision text proposes a reclamation bond of 4.6 million dollars
($4,535,209 rounded up) based on 1,071.9 acres of disnrrbance at $4,23L per acre. The
acreage difference between these two figures is 10 new acres of clay pit areas to be used
during construction of new heap leach pads. A revised surety amount of $4,535,000 would
satisfy the Division's bonding requirements; however, $4.6 million would also be acceptable.
Please select one proposed surety amount. (AAG)

General Comments:

The Waste Rock Management Plan describes the conceptualized design plans for
dump construction. One conceptual design cross section, Figure 1, Components of
Dump Drainage, is provided in the plan. Under Section 4.2 and 4.3, verbal
descriptions of the 'Oxide' and 'Sulfide' waste dump reclamation designs are
provided. Please provide a conceptualized cross-section(s) of the sulfide dump design
plans for the Melco South Sulfide dump and the NBCS pit backfill.

It is difficult to determine from the text, how (and where) the sulfide waste rock will
be placed while the overall dump is being constructed. Will the sulfide waste rock be
temporarily stockpiled and later moved to the final sulfide dump "repository"
locations, or will it be immediately placed in the respective dump locations? How
long will the sulfide bearing wastes be exposed to oxidation processes before they are
ultimately covered/sealed? Please describe any interim protection measures proposed
to minimize the potential for sulfide oxidation and acid or sulfate generation prior to
final closure of these dumps?

Conceptual monitoring (lysimeters) and treatrrent plans for potential acid runoff (eg.
pit walls) are proposed with finalized plans forthcoming at a future date. The
Division agrees with the conceptual plans as outlined in this proposal. We will await
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future plans/revisions as they are developed. The State Division of Water Quality
(DWO may require modifications to this proposal to demonstrate compliance with
their Ground Water regulatiorn. We would appreciate the opportunity to review any
significant changes to this waste rock management plan that DWQ may require,
before it is finalized and ultimately approved.

Your June 13, 1994letter indicates that following issuance of our tentative approval
decision, Kennecott will seek permission to begin road access construction, tree clearing,
vegetation grubbing and topsoil removal activities. The decision to allow these preliminary
development activities to occur will be an administrative call. Kennecott's posting of the
revised Reclamation Contract (FORM MR-RC) and the amended surety amount will be of
critical concern in the decision making process.

Thank you for your continued cooperation, time and patience in helping us complete
this permitting action.

Sincerely,

@/'+*
't 4o. D. Wayne Hedberg

/' Permit SuPervisor
Minerals Regulatory Program

jb
cc: Kiran Bhayani, DWQ

l,owell Braxton, DOGM
Minerals file

M35{9rv.let
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son
General
Barneys

Manager
Canyon Mine

encl-osure

A/o>s/oo|

Kenneoott

June L, L994

Mr. Wayne Hedberg
Division of OiI, Gas & Mining
3 Triad Center, Suite 350

Jl{ - 2 ;994

SaIt Lake City, Utah 84L80-l-203

RE: Groundwater Discharge Permit No. UGW35OOO1

Dear Mr. Hedberg:

Enclosed for your information is a copy of the final Barneys Canyon
Mine Waste Rock Management Plan (dated May 27, L994) which has
been submitted to the Division of Water quality for approval under
the terms of groundwater discharge permit No. UGw35000l-.

If you have any questions please contact me at telephone number
569-7 200 .

Yours sincerely,



BARNEYS CANYON MINE
PO Box 3t 1

Brngharr Canvcn Utah 84006-03 1 I

,301 I 56:.-72C0
FAX r801 369-71 90

June L, l-993

Mr. Don A. ostler
Division of Water Quality
Utah Department of Environrnental
288 North l-460 West
Salt Lake City, Utah

Enclosed is our final proposal for the waste
as required under condition H3 of Groundwater
uc[.l350001_.

you, consultants reports by Steffen,
which have previously been submitted
appendix 1 of the plan but they have

This document has been extensively updated compared to our first
submission dated october L2, 1993 and so supersedes that plan in
its entirety.

In order to ensure a complete record of information supplied to
Robertson and Kirsten (SRK)

Dear

General
Barneys

Manager
Canyon Mine

Groundwater Discharge Perrnit

Mr. ostler:

8411_6

/ with attachment (DOGM)

The waste rock management plan is submitted for your approval and
completes aII requirements of the groundwater discharge perrnit.

Please address any questions to
72oO (fax 569-'7 L9o).

Yours sincerely,

myself at telephone extension 569-

D. I. son

Mr. W. Hedberg
C. S. Emmons

Kennecott

Quality
JUN - 2 i994

No. UGW350001

rock management plan
Discharge Permit No.

to you, are also included in
not been revised.

os'f .l(x,
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1. ACID GENERATION POTENTIAL

The acid generation potential from the Barneys Canyon Mine waste
aunps nag: already been reviewed by, Dr. Andrew Robertson of
Steffen, Robert=ori A Kirsten (SRK) in " report whic-h was submitted
to DWQ on January 28, 1993. His report concluded that the
potential for-""ia'g"neration in the well blended rock piles w^ni9h

exist at Barneyt C"tiV"", is very small. Subsequent-analysis of the
Me1co and SBCS waste naterills has aqain confirmed the low

fotential for ulia generation as stated i.n SnX reports dated March

18, 1993 (SBCSI 
-ana-lprif 15, Lgg3 (Melco) which are included here

for reference in APPendix 1.

Since these reports were cornpiled Barite (BaSOn) has been identified
as a source of sulfur th;t reported as sulfide in the Melco
samples. Barite is insoluble and non acid generating' The

;;;:;t;;r ior acid generation at Merco has therefore been
L--:! ^-^^ar'lrroverstated. It is "ip""L"a that if the barite were properly

accounted, the ratio of neutralizing to acid generating naterial
would favorably increase by a srnall imount. This would not make a

significant ditference to the rock waste disposal pl-an and so no

further effort will be spent to eval,uate the effect of the barite'

petrographic studies have also determined that a significant
;;;3;-Ti-1n" sulfate nateriat .identif ied :t tl: .:"-9:..3:1":::f,!;;:""J-" ""t"iir 

jarosite which is a rerativety. insolubre and
,! r r 

-: --^unreacti,t" =.rifuie spLci"s. The jarosite insolubility will give a

;;;;a;;- margin of neutralizing potential over acid generation
f,otential t-han stated in SRK 

- reports but this would not
Lignificantly affect the waste rock dunp design'

In any event the acid potential quoted in both the Melco and sBcs

evaluition is considefed to be conservatively fuigh _and thus the
risk of acid generation can be considered extremely low.

osT.l(p



2. FINAL PIT WALLS

At the end of the mine life there wilI be relatively srnall portions
of sulfide waste exposed on the final pit walls at both Barneys

Canyon and the Melco Pits'

In the Barneys canyon Pit sulfide is relatively unreactive'
immediately buffered by the excess neutralizing capacity of the

host rock and witl in the course of time be submerged by water as

the natural groundwater table is re-established' once submerged

the sul-fiae wiii not oxidize and thus will not be of concern'

At the Melco pit the sulfide will remain expos-ed and will rapidly
oxidize. A very snall q"."tiiy-oi- icid rdnoff nay occur durinq
rainfall events at least untii the exposed surface has fully
oxidized.

Possible control alternatives considered are:

a) Appfy a phosphate -or silicate spray onto the sulfide to
coat it and retard o*iattion' -The spray coat-nay It:!
forlo-5oyearsbutwou}dnotbeperrnJnent.(Thiscould
aLso be useful to prevent acid formation in the Barneys
pit prior to it natur"fiy filling -with water which will
effectivefy prevent long terrn oxidation' )

b) CoIlect highvaJ-I runoff and direct it a\'tay frorn the
exPosed sulfides.

c)Placeneutralizinglime/limestone/pho-sphateonpit
benches ii.-in.-",rfria" zone) to neutrarize runoff .

d)Placeneutralizi'ngrockinthepitbottomtoneutralize
runoff.

e)Createaninfiltrationzonetoensurerunoffdoesnot
standincontactwitlr--sulfidesintheMelcopitbotton.

Further testing is required to deterrnine the best course of action
for the Melco Pit.

osT.lfr)



3. SULFATE MOBILIZATION

Sulfate is a secondary concern which is evaluated in connection
with mine drainage. As shown previously, the waste rock durnps
throughout the Barneys Canyon project will either be neutral
becauie of the balance between low acid generating and the high
neutralizing materials or, as in the case of Barneys pit mine waste
dumps, be generally of higher pH. Sulfate nay be present in the
Melco and South Barneys South waste dumps, but wiII not be present
as an environmental Contaminant because of its imrnobility within
the system.

Sulfate mobilization is partially dependent upon chemical reactions
within the dump and on infiltration of sufficient water to move the
sulfate out of the dump. Oxidation of sulfide minerals to produce
sulf ates is Iirnited by chemical kinetics within the systern.
Kinetic test data previously subnitted shows that oxidation is slow
if the material i; sufficiently rnixed with neutralizing material.
With adequate mixing of waste materials, the dumps remain at
neutral pH or slightly higher, thus reducing the solubility of
sulfate within the system. The SRK reports include results of
shake flask tests which show the net pH of the waste to be above 8,
even if exposed to slightly acidic solutions. A neutral pH
inhibits the dissolution of the sulfate minerals, Iiniting the
ultimate concentration of sulfate in solutions.

A more irnportant consideration in deterrnining whether sulfate will
be mobile in the waste dumps is the physical configuration of the
dumps. The relative density, permeability of the dumps and
undLrlying strata, evaporation rates and topography all affect the
amount of infiltration of precipitation into the durnps and
consequently the potential for exfiltration from the dump.

Figure L shows potential water flow paths in and around mine durnps.
The waste dumps are a1I located well above the regional groundwater
table, therefbre the only potential transport mechanism is through
precipitation and infiitiation. At the Barneys Canyon Mine,
infiltration of precipitation is very Iow, and that infiltration
may not be evenly distributed within the dumps. This reduces the
polential for dissolution of sulfates if they are present. Each of
the flow paths are described below:

3.L Precipitation/evaporation: The Barneys Canyon Mine is
located in an arid area, with average annual rainfall of
l-6 inches. The site also experiences a hiqh evaporation
rate, which directly affects the amount of water
available for infiltration. Evaporation of precipitation
is not restricted to surface evaporation as water is

()sT. | (()



retained in the upper surface of the dump and
subsequently evaporated. U1tirnately, at .closure,
vegetition cover will also enhance evapotranspiration.

3.2 Surface flows Much of the precipitation on the durnps
reports as surface runoff. During active use of the
dump, the top is maintained flat to accommodate the
vehicular traffic. The dump surface is compacted by
normal traffic flow and road maintenance activities such
that the surface permeability is reduced to about 5 x L0-5

cm/sec. Drainage ditches divert water as needed to
prevent ponding. At closure, the top of the dunp will be
configured so that it slopes to diversion channels or to
inter-epting trenches or impoundrnents which allow water
to drain directly into colluvium thus routing
precipitation around the dumP

3.3 Preferential flow along contact A water control
mechanism in the durnp design is drainage along the
natural ground/dump interface. Drainage from above the
dumps generally continues along the natural topography,
entering the durnp at the interface- Part of the
management strategy will be to intercept this water and
direct it around dumps where possible. In the naturally
steep topography at Barneys Canyon, the water which is
not redirect4q yti-f f pqgf erentially f low . 

along. this
interfac" 'ogi€bg-,lt Qispersing iSto the dump) This nay
result in short lived loca1 washing of sulfates but
because of the short contact time, concentrations would
likety be moderate (up to 500 ppm S0o). In a relatively
short time, the exposed sulfates will be rinsed out of
the interface zone resulting in background levels of
sulfate concentration in the flow.

Constructed benches and faces - During durnp construction,
the top is compacted and maintained for vehicular
traffic-. This compaction occurs as a result of continuous
vehicle traffic and frequent grading to assure a flat,
compacted bench. This compaction results in a low
permeability material. Evaporation is enhanced because of
the low permeability and runoff will- be directed to the
intercepting trenches described in (3.2) above.

u'fil,J 
.,, i,,,.

3.4
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3.5 Dump drain in an end-dumped waste pile Llrge waste
rocits preferentially segregate at the botton of the pile'
In the steep terrain of Lne Barneys Canyon _l{i1", the
preferential segregation results in a French drain tyPe
iystem with\r"-ry high perneability. This drain is
c6ntinued with every advance of the durnp face and serves
as a collection s-ysten f or water which may nigrate
through the dump. -stowty migrating solution rnay attain
sulfate concentiation of about 2,OOO ppm if the flow path
is long enough, however water flow in dunps tends to be
along -chann6ls and so long contact paths are not
expe6ted. The exact concentiation of sulfates wiII be
controlled by the relative amounts of calcite or dolonite
in contact witn solution and by the contact tine- It is
believed that aII of the waste dumps at Barneys Canyon
will remain unsaturated and that solution released would
be a very small volume because of low infiltration into
the dumP.

osT.lm
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FIGURT 1
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4.

4.1

ROCK WASTE DUMP DESIGN

Consideration of the water flow characteristics described
in section 3 lead to the conclusion that the most
irnportant factor to control is the rate of infiltration
of water through the dump surface.

with this in nind, consultants Water, Waste and Land,
Inc. (VfWL) were ernployed to carry out detailed analysis
of the waste dunp characteristics and to provide suitable
dunp designs that would minimize infiltration- The
consultants were asked to evaluate waste dump
conf igurations using on site naterials that \^tou1d
rninirnize infiltration through a reclaimed and revegetated
dump.

Ul-timately two types of dump reclamati-on were designed:

The first type of reclamation will be for waste dumps
containing oxide or low Ievel sulfide material with
abundant neutralizi.nq potential. The second type of
reclamation wiII be for selectively constructed dumps
containing higher level sulfide material which will not
have net neutralizing capacitY.

In discussions held with DWQ, DOGM and consultants it was
generally agreed that segregation of the waste rock with
higher sulfide content into discrete piles was a better
approach than mixing sulfides throughout much larger
oxide waste dumps. Whilst the rnixed rock approach
ensures adequate neutral-izing potential it would mean
that in the event that unsatisfactory discharge from the
dump is detected (in the long terrn future) then
remediation would be a major project. segregation of the
sulfides into smaller discrete piles increases the risk
of acid generation but ensures that rernediation (if
required) can be a manageable project. fn order for this
approach to be secure environmentally, the infiltration
rate for the sulfide waste piles would need to be lower
than for the innocuous oxide waste dumps.

WWL utilized the HELP computer inodel to evaluate the most
appropriate dump cover designs and then used the UNSAT2
n-oaef- - which hls more precise algorthins for modelling
water flow and evapotranspiration than the HELP model
to confirm the results generated by the HELP program. A
copy of the WWL study is included in Appendix 2 -

osT.100



4.2

4.3

In summary, the final waste dump relamation designs
selected wilI be as follows:

'oxide' Waste Dump Reclamation Desiqn:

,Oxide, dumps containing minirnal sulfide bearing material
wilt r"qnir" revegetation as originally planned.
Modelting- indicateJ that this plan wiII ensure
infiltration of about o.4 inches per year.

upon cornpletion of rnining, the dumps will be recontoured
a-na tne aump surface will be sloped such that significant
ponding of water on the surface wilt not occur' The
i pp"r iZ inches of the durnp surf ace vtil1 be amended with
topsoil and/or organic material such as sewage sludge or
rnuich which wiII be mixed into the rock surface by
ripping with a dozer to a depth of at -Ieast 24 inches.
tnl- aulnp surface will be fertitized and reseeded with a
selection of Iocal plant species designed to create rapid
vegetation growtn witn gooa leaf cover and a rooting zone
of 24 inchei depth. Tha detailed revegetation scheme is
described in i report from Dr. D. Morrey of Golder
Associates which is included as Appendix 3.

The expected average infiltration rate into the reclaimed
dumps of 0.4 inches per year compares to a natural
recharge rate in the Oquirrh range of 6-l-0 inches per
year as reported by the state Department of Natural
Resources. (Various reports by HeIy (1-971-) ' Waddel
(1981-), Lambert (L993) and for Tooele by Razen and
Steiger (1981) substantiate this estimate. )

The good quality of the rock material- at the dumps will
ensuie thrat "xf ittration from the durnp contains no
significant contaminants and the substantial dilution
effect from natural recharge in the catchment will ensure
that background groundwater quality does not change by
more than the natural variations noted for the area.

The dumps reclaimed in this nanner will be: The Barneys
canyon 6300 and 6500 dumps, the sBcs durnp, Melco 72OO,
7300 and 7460 dumps and the Melco North dumps'

'sulfide' Waste Dump Reclamation Desiqn:

A11 waste rock containing more than 0.5? sulfur as
sul-fide wiII be separately stockpiled in two designated
dumps, the Melco South Sulfide dump and the NBCS pit
backfill.

osT.lff)
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In these dumps the sulf ide bearing -waste '.tlI 
be

construcr.ed to minimize ine fikelihood of dunp settling'

upon completion of the dunp, the surface will be graded

to a slope of at least t 0i and covered with a barrier
Iayer which has permeability of approximately 10-t cn/sec'
The barril, r"v"r courd "or,-=i=t 

or g inches of compacted
clay or a fllxible membrane liner depending on the
economic availability of suitable materials'

The barrier layer will be covered by a 12 inches layer'of
good draining material such as coarse sand which wiII
frromote ratefar drainage of water reaching that layer.
The drainug.-iuvei wiII be protected by a. fllter. blanket
of graded iaterial at i"l"d rz inches thick. This will
rninirnize nigration of fines into the drainage layer and

also act as a barrier to plant root pe1-e-tr.ation into the
clay. On top of the fil€er blanket wiII be at least 24

inches of growth medium (consisting o{ .organical}y
amended t.=t" rock with topsoil) which Y-tfI be

revegetated in accordance with Dr' Morrey's
recommendations .

Acoverofthistypewilllinitpercolationintothedurnp
to less than O.l- inch Per Year'

4.4 Management Controls

The f ollowing practices will be adopte.d .to -ensure that
potentiaf foi ground water irnpact is mininal:

From the Melco pit, segregate sulfide bearing
waste of more tnan o.5a sulfide sulfur content

"na-J"pl"it 
it into one of the two designated

sulfide dumPs.

Waste containing less than o'52 sulfide sulfur
will be nixed "itn 

oxidized waste in the oxide
waste dumps and will be covered by at least
four feet of clean oxide waste'

iii. Durnp surfaces will be contoured to promote
sheet trtt of f with rninirnal erosion and no
signiricant-f"nai"q of water' Runoff will be

directed back into natural drainaqes 'tti1
sediment control structures or wiII be allowed
to reinfiltrate into the natural surface at
selected points where the durnps contact the
natural ground contour'

I.

rl-.
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iv. Finished dumps wiII be topsoiled and
revegetated i; accordance with the rnine
reclamation Plan.

v. Two lysirneters wiII be constructed in order to
try ind denonstrate that the Low levels of
dump infiltration expected, do in fact occur'

one lysimeter wiII be placed in- either the
Barneys 6300 or the SBCS dump and another in
eithei the Melco 72oo or Melco North dump'
The exact locations wiII be selected at the
time of reclamation to ensure proper access is
available and that the position chosen will
give results representative of the whole dunp
area. As noted in the study by WWL the use of
alysirneteristikelytobethebestnethodof
monitoring perfornance but cannot be
guaranteed to give meaningful results over a

i.it" period of even a f ew years ' At best
r,ysineters will only indicate gross errors in
the nodelling exercise. Results' even over a

Iong tine sclle (10+ years), wiII have to be
interPreted with caution.

vi. A process plant is expected to be cornmissioned
in septemier Lgg4 wtrich will treat sulfide
rock which contains gold in economic
quantities.Effortswillbesustainedtowards
treatingthernaximumeconomically.feasible
quantitf of sulfide naterial in this plalt'
ini= wfrr mininize the quantity of sulfide
material reporting to the waste dumps'

vii. The quantity of sulfide naterial exposed in
the iinar iit walls wiII be estimated and
field trial! will continue to determine the
bestnethodofcontrollingpotentialacid
runoff from the pit walls as described in
section 2 of this PIan.

osT.l00
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January 15, 1993

Project Number Sl I 3 l0l.

Kennecott CorPoration, SLC

Barneys CanYon Mine

P.O. Box 3ll
8200 South 9600 West

Bingham CanYon. Utah

84006-03 I I

Attention: Mr. D. Hodson. Mine Manager

RE: ARD TEST RESI.'LTS FROM THE BARNEYS CANYON AND MELCO DEPOSITS

Tlris letter presents a summary of rhe test results and the interpreration used to evaluate the poteotial for

acid generation of rock samples collected in the Barneys curyon Pit, tlle Melco Pit' and the south Barneys

canyon pits. Tlre testing was done in two phases consisting of a static tesing Program on samples from

the 4 pits, and kinetic testing on selected samples rhat were classified as tnving a marginal potential o

generate acid. Most of the static t€st results were summ arized previousry in Kennecott's "Noti@ of

Intenrion to Revise Mining operations, Banreys canyon Project" dated ocober l' 1992' Some dditiond

analys:s of sulfur species have bcen recently compiled and are reported hereiu

Alt the test data we have reviewed was generatal by core Laboratories in Denver'

Static Test Program

F.r thc acid base accounting tests, standard procedures, based on ttre doc'mented EPA test procedure

(sobek et aL,l911)were used. As ttre strndard procedure does not take ino consideration non-sulfide

specics in ttre calculation of Ap. a selection of samples from the South Barneys Canyon Pits were tested

for sulfur speciation to refine the results'

Acid base :$ount tests are used to defioe tbe balance between poteotially acid generating mioerals

(surfirrrs) and potentia[y acid consurirrng minerats (typicaily carbonales) in r sarnpre. Ttrcorcdcally a

sample wilt only genefale rcidic leaclrate lf ltrc poteiliat for dd generatlon (AP) exceeds tbe

neu*alization potentlat. (NP) or has a Np/Ap ratio of les than l. Honever, ln a rock plle oe physlcal

distriburion of the potentially acld generating and acitt reulralizing minerals may be sufficlenuy varlable

$at acidic seeps may develop fs liP/AP ratlos greatcr than t' Fd mlE roct ptles' lt ls generally

@
lcr€€n

8iil"ffi g Hi:Iff fl [$:ffi*w :s';Fln'*o 
d comparice



Drrncyr Curyoo Mir
tenurry 15. 19,!)3

Pr3c 2

accepred that sampla with an t{p/Ap of tess than 3: I Out greatef lhur l) there is still uncertdnty as to

rhe potential for acid generation. It ls our opinioo that where tlre sulfide and base mineralization ls

disseminated fairly uniformly in the rock mass (as is the case al Barneys Canyon) and is not concenttated

on joins, rhat this ratio can be reduced to 2: l. An additional lrdex based on NNP is dso used. wtpre

samples in the range of +20 to -20 kg CaCO, equivalenUonoe arc in this uncedaio range. If a sample

falls within the uncertain range, kirrtic testing ls generally requlre<l to determine the liketihood for

contaminut release and acid generuion. ln additioq where sulfide sulfur is low (genadly less

rhan 0.05%) it is considered that the potenrial for acid generation is insignificanl, even if oo NP ls

available.

The test resulrs have been compiled and are presented by pit arca In Appendix A, Tables Al to A4.

please no6 rhat O1g data is discussed and presented as a net neutrdization potentid (NNP) ratlrcr than a

net acid generation potential (AGP) and a ratio of M/AP is used in the assessmenl

Barneys CuYon DePosit

A temporary sulfide stockpile and a mine wasre dump are being developed. The rock being placed in the

waste dump can be classified as either oxide or sulfide waste and is clearly di*inguishable by its color.

Estimates provided by Ore Barneys Canyon mine personnel ue drat the oxide waste represents over 95%

of the waste Prodnced in the PiL

Six samples, consisting of 3 oxide waste rock samples ftom the pit, and 3 stlfide rock sanples fiom ttp

temporary suuide stockpile, were collected ftom the Barneys Canyon pit

Two of the three sulfide waste samples were clearly acid consuming, with NP/AP ratios of greater thaD

3:1. The third samplg was ln the range wtrcre tp potential to generate acid canoot be &termined by

static tests alore. fis sample has an NP/AP ratio of 1.3:1. The total slllftr content of tlpse samdes

ranged from l.l b 1.7 perceoL However any acid generadon potential is balanced by a very high

neurralizarion poteofial for all the samples tested, in the range of 69 o 249 Lg CaCQ equlvdentltonre.

The nature of the host rocks (dolomitic and catcareous sediments), explains tlE high NP measred in these

samples. These samples indicat€ that nrc thirds of tte sulfide wasle is strongly acid consuming and one

third has a low to moderate potential to generate acidity over the long term" Wlren well blendd in the

Fmporary sulfide srockpile, such a mixbre will not be acid generating, over tre period (a few years) fiat

the temporary sulfide stockplle will be maintained.

The oxide waste samples were all cleuly acld consuming, with NP/AP ratloc greatly exceeding he

recommerded 3:l rado. T\r'o of the samples contained an lnsigniffcar ernud of sulfi|r and $erefore

have little potendat o oxidizq the thlrd sanrple contained t.2 percent sulfrn Tlp rcutralizatlon potentlals

for all the samples nnere veq/ trlglu ranglng ftom 212 to 215 kg CaCOr e$dnlent^onrc. Tlpse samples

lndicete 0rat firts nalerld ls strongly add con*mlng
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:
The slfide waste contained in the waste dump represenls less than 5 percent of dl waste. wlth such r
smalf portion of mainly acid consuming sulfide waste evenly distributed within such strongly rc,id

consuming oxide waste, the blend will be non-acid generating.

Melco Deposit

The existing temporary sulfide stockpile and mine waste dump will be expanded by additional mining.

Barneys Canyon mine personnel have indicated that the sulfide waste represents less than 5 percent of the

total waste that will be produced.

Twelve samples, comisting of 6 sulfide samples from the temporary sulfide stockpile and 6 oxide samples

from the pit were collected ftom the Melco deposir

All of the Melco sulfide samples are clearly acid generaring. based on total sulfur contents. Sulfur

speciation was not done on these samples. It is however erpected that the samples would still be net acid

generuing even if a significant portion of the sulfur is present as sulfate (non-reactive fonn), as oDly one

of the samples contained a measurable neutralization potential. Based on the geologic informuion

available to us, it is not surprising that the sulfide bearing rocks at the Melco mine site are barren of NP.

Along with the mineralization, alteration of the host rock as reported by mirr geologists consig of a
decdcification, or replacement of carbonate minerals by other unspecified minerals. This alteratioo was

not noted in the oxide rock.

The temporary sulfide stockpile wiU be acid generating and will require acid rock drainage control

measures, as presently agreed with the Division of water Qualig, to Fevent eitlu generation or

migration of contaminated drainage.

Four of the oxide samples had significant neuralization potentials, in the range of 23 to 85 kg CaCq

equivalenUtonre. TWo oxide samples had low neutralization potentialg with values of 0.6 afr 42 kg

CaCO, equivalent/onne respectively. The total sulfur conteDt was however low fq all fr|e samples teste4

with sulfrn values ranging between 0.01 and O.TL prcnnl Five of the 6 samples were cleady acld

consuming, with M/AP ratios of g?ater than 6.7:1. The remaining sample is ctassified as a m acid

generator, based on the total sulfur content It ls however Ukely thal sorre of Otis srlnrr ls present as

sulfate and therefore not available to oxidize and generate acid and therefse at the rdatively low otd
sulfirr content, a reclasification of this sarnple may be posible. Sulfur speciation was not conducted on

this samfle.

Ttpse samples indicate that a well blended waste dump with less than 5 puceot zulfides will not gwrate

1cilic -$3-igg:r, It ls recommended thar additional samptes be taken to confirm fire spatlat'dl$rihrtioa _,; <**
and proportlons of 0p waste rype&
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South Barneys Canyon - North Deposit

A waste dump will be developed for the mine waste from this deposit. A total of 19 samples ftom the

South Barneys Canyon, North Deposit were tested.

The total sulfur content of all the samples tested was very low, typically in the range of 0.01 to 0.03

percent, with one sample with a value of 0.1I percent. A sulfur speciation test done on the sample with

the highest sulfur content indicated that all the sulfur was present as sulfide. The neutralization potential

of the samples varied significantly, with values ranging from 0 to 981 kg CaCO, equivalenUtonne

reflecting the sandstone or dolomitic host rock. The median NP was 14.5 kg CaCOr equivalenUtonne.

High values were consistently measured for samples classified as dolomite. Only two of the samples

could not be classified as net acid consumers. Of these one sample was barren of both sulfur and NP, and

the other was in the range where the potential for acid generation could not be conclusively determined

using static tests. Considering the low sulfur content and appreciable acid consuming capacity it is

concluded that a well blended waste rock from this deposit would not be acid generating.

South Barneys Canyon - South Deposit

A waste dump will be developed for this open pit. A total of 29 samples ftom the South Barneys Canyon,

South Deposit were tested.

One sample was classified as sulfide waste rock and was clearly acid generating with an NNP of -273.4 kg

CaCO, equivalenUtonne. Barneys Canyon mine personnel have reported that about 0.I percent of all the

rock to be produced will be similar to this sample.

Both the neufialization capacity and the sulfur content varied substantially in the remaining samples,

indicating a mixture of acid generating, marginal or uncertain, and acid consuming rocks. Of the

remaining samples tested, 6 were potentially acid generating with sulfide (or total sulfur where speciation

was not done) contents ranging ftom 0.10 to 0.45 percent and 5 are considered to be marginally potentially

acid generating based on sulfide contents of 0.05 to 0.1 percent. Generally the sulfate levels were very

low. However, for three of the samples a significant portion of the sulfur had been oxidized to sulfate,

suggesting that acid potential estimates, based on the total sulfur content, may overestimate the actual acid

generation potential. The neutralization potential measured in potentially acid generating samples was

typically low, ranging ftom 0 to 5.2 kg CaCO, equivalent/tonne.

Eight of the samples tested are in the range where the potential for acid generation could not be reliably

concluded from the static test results. Of these, three samples are barren of sulfur and of NP, and are

therefore unlikely to produce acidity regardless of the reaction kinetics.
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Nine of the samples afe acid corsuminS, with NP/AP rados of conside.bly greate( than 3:l' The totel

sulfur content was low for all these samples' rurging from <0'01 to 0'0t' TtE l'IP levels were mod€rate'

ranging from 6.4 to 40.4 kg CaCOI equivatenUtonne. According to the geologic map of the area he host

rocks contain less carbonate mineral content than the major host rocks in the North Deposit, explaining

the overall lower natralization capacity measured in this deposil

ilir"'r^HH:J:$i^ffi ff ":#:f 
''ff ::*"'trtr;r;I"'ffi THT-Tffi il'#Le

where acid generation potentiar exists w'r require appropriate distribution and mixing of ttre waste rock 
-.;|^{t

on the waste dump.

Kinetlc Testtng Program

Kinetic tests (humidity cell tests) were done on four of the samptes from the South and North DeposiS

for which rlre sradc testing resulrs were inconclusive' The humidiry ceu data is ptolgeo ie qPgl*-{glP-

inAppendirB.Thetestcellsdidnotdevelopacidicdrainage.Whi|ettreseresulsdomtindicueaci^
gereration it is recommended that additionar rarger scare tess be perf'm€d with material of luga particle /

size. These tests wiu aid in rhe development of appropriate waste dumping mdhods/

In SummarY

Thegeochemistryofttretemporaryzulfidestockpilesandwasterockftomthe4miningareaswerc
reviewed: the existing Barreys canyon and Melco pits, and fire proposed Barneys canyon soufrt' North

and south Deposits. The geochemical characteristjcs for each of the mining arcas arc quite diffaent'

dependant largely on the calcuious content of the hoS rock Sulfide mineralization @curs mainly in the

.surfide, rock and is genaany very low in all .oxide' rocks which are crearry dstinguishable rccording

to color. The sulfide rocks represent less tran 5 percent of all waste ftom any ore ptt

For the Barneys canyon depcit, the sulfide deposit is hosted primarily in Ngh calcareous rocks and the

mine waste is Nglrly acid cons'ming. The surfide rocks are arso net acid consuming trmugh one sample

was mar$nal. wifi only a small proportion 0ess than 5 percent) of sulfide waste dsEibuted fruotgh 8r

Ngtrly acid comuming oxide waste, the waste dump will not be rid geuating The available test dala

indicates that the temporary $rfide stockp'e has a low acid generation potendal ad 
'.'tthere 

ls sf'cient

alkalinity b pevent acidlc drainage ln the shn tem, l'e' for a few yean pior o mllling

The Melcu depodt ls hosted ln rocks with a moderate to high edd consunsve capaclty end sulfide

mirreralizarion is generally row rn tte oxide waste. wittr onry a sman prcpoftion 0ess trran 5 percent) of

sutfide waste distributed and blended through--Qq Eodefate !o tttgh 1l.l coylrl-$ oxlde wasb' &e wastc

dump wt1mtbe rtd generadnr; Artrlllona sampring fq qta$g*qp$ggibPgqgrygn@o oon8rm0p

spadal disribudoo and proporftom of fo waste qtp* Tlr temporary sulf& stoc$lle wlll bG dd

+

4--*
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generaung and conuol measures are required, as agr@d wlth the Dlviston of wuer Qudity' |o FeYeBt

acid generatioo or migradoo of contarninated drainage'

Representative saulples ftom the Barneys canyon south, North Depctt; indicued that ttle waste rock

did not have an appeciable sulfide content. wirh the moderate to very high neuudiz:tioo poteotials

measured for these wastes the waste dump will not be acid gereraling'

samples ftom the south Barneys Canyon, south Deposlt; idicate a ratio of acid consuming to acid

generating minerals of 2.3:1. At this ratlo, and using appropriate dump devetoPmeot and waste blending

practices'38.9n-:rE.d-3999-r3!illg.dumplgn-.6edevelopQ*Additionalevaluationadt€stiogis
recommended to assist in the definition of the appropriate dump developnrnt

Yours trulY,

STEFFEN ROBERTSON AND KIRSTEN (CANADA) INC.

'<-*-"*"

fZA,//b
Dr. A. MacG. Robertson. P.Eng.

hincipal

AMR/U'3



t' AppendhA, StatlcTallrn Re$ltc'S113101

TABLE I
Bameys Canyon Mine, StadcTesUng Data

(kg

Sample lD @ola AP" NP' NNr Nrr^|',
fslT (SOat (S)

BCSS-1
BCSS-3
BCSS-2

B@X-3
BCOX-2
B@X-1

1.7 t{^
r.55 t{^
1.07 t{^

r.16 M
0.03 lt|^

<0.01 t{A

NA 53.1
l\lA 48.4
NA 33.4

NA 36.3
t.lA 0.9
t.|A 0.0

68.9 ts.t
2.19.0 200.6
t 11.0 Tl.6

235.0 198.8
212.0 21t.1
232.0 23P,.0

t.g,
5.ta
334

6.'lE
m
292

Sulphitb
Sulphide
Sulphide

O$de
Oxl&
O:dde

a

Sleflen RobelGon and KHen (Cana&) lm.
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TABLE 2
Meho Mine, Static Testing Data

Sample lD Suiffiua3ulfiat-o SulphHe AP" NP' NNP" NP/AF
(s)T (so4) (s)

Ncles

MCS.2
MSS.2
MSS.I
MCS.3
MCS.1
MSS.3

MCOX-2
MCOX-1
MSOX.3
M@X-3
MSOX-2
MSOX-1

5.15 NA M 160.9 <0..| -160.9

5.14 M }.lA 160.6 <0.1 '160.6
2.88 NA }.|A 90.0 <0.1 -90.0

2.37 NA t.lA 74.1 <0.1 '74'1
1.52 t\|A t.|A 47.5 <0.1 47.5
0.85 l..|A t.tA 26.6 17.1 '9.2

0.22 NA M 6.9 0.6 -6.3 0.09

o.o9 NA 1.lA 2.8 23.2 20.4 8.25

o.o5 NA t.|A 1.6 84.5 82.9 54.08
o.o4 NA t.|A 1.3 75.7 74.5 60.56

o.o2 NA M 0.6 4.2 3.6 6.72
o.o1 M }.lA 0.3 59.0 58.7 188.80

0.00
0.00
0.00
0.00
0.00
0.e6

Sulphlde
Sulphlde
Sulphide
Sulphide
Sulphlde
Sulphlde

otdde
Odde
Odde
Oxide
Oxld€
o:dde

Steffen Robeilson and Klrden (Canada) lm.
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TABLE 3 :
Barneys Canyon South. North Deposl

Stath Testing Data

Sarnple lD iliF6ui3uiFhCie€ulphlde AP NP' NNP" NP/Ar
(s)T (so1) (s)

NP.2
NP-3
l.rw-1
NP.1
tlW-2
NW-7
NW-6
NW-8
NP.{
NP.5
NP.6
NP.7
NP.8
NP.9
l.{w-10
NW-3
l.{w-4

lNw.s
It$ t-9

M
tlA
t.tA
t.tA
t.lA
M
n|A
}.|A
NA
NA
t.|A
M
NA
M
}.lA
}.lA
NA
NA

3.tl
0.9
0.9
0.6
0.6
0.6
0.3
0.3

<0.3
<0.3
<0.3
<o.3
<0.3
<0.3
<0.3
<0.3
<0.3
d.3
<o.3

1.7
63.3

2.1
35.8

2.3
6.6
9.9

21.6
28.1

s52.0
981
<o.l
14.5

913.0
5.3

441.0
78.5

8.1
8.0

0.11 <o.01
0.03
0.03
0.02
0.02
0.02
0.01
0.01

<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01

1.3 1.37
62.4 67.52
1.2 2.21

35.2 57.29
1.7 3.68
6.0 10.56
9.6 31.68

21.9 78.72
28.1 94.67

552.0 1840.00
981.0 3270.00

0.0 0.00
14.5 48.91

913.0 3043.33
5.3 17.67

.141.0 1470.00
78.5 261.67
8.1 27.@
8.0 26.67

0.11
t.|A
}.|A
},|A
t{A
t.|A
t\|A
t.IA
hl.A

M
}.lA
M
1\|A

M
M
|\tA
M
i.lA
M

Quartlte
Quailzlte
Sandslone
Quaft[e
Qtnrtlle
Qnftlte
Quaftzlte
Quadzile
clay B)(A
Dolomlte
Dolomlte
Quailzile
Quartrlte
Dolomlte
Sandsilone
Dolomite
Quartile
Sandstona
Quartr[e

Road Cd
Road Cd
Road Cd
Road Cd

Note CaCO3 l6^l

Steflen Robertson ard Khden (Canada) In
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\, TABLE 4

Barneys Canyon Sotlft, Sot'tth Depcil
Statlc Testing Data

Sulphide Waste Rock

Quartzilc
Clay B)(A

Clay B)(A

Clay B)(A

Quaizitc
Quarlzite

phur
S)T

26.3
12.2
14.1
12.9
11.9
<0.3

8.8
7.2
1.9
t.6
0.9
2.8
2.8
2.5
2.5
r.9
1.9
1.9
1.6
r.3
0.9
0.3

<0.3
<o.3
<o.3
(o.3

0.0
<{.3

<o.l

36.0
3.9
/t.1

s.2
<o.1
<0.1

1.3
0.1
0.8

<0.1
<o,1

8.1

3.0
18.8
2.5
0.5
2.3
6.4

<o.1
38.9

5.6
38.9
<0.'l

8.0
t10.4

26.3
<o.1
15.7

1.01 0.17 0.84
0.79 0.4 0.39
O./fs <O.01 0.t15

0.41 <0.01 o.tlt
0.38 <O.01 0.38
0.3a 0.41 <0.01

0.28 <O.01 0.28
0.23 <O.01 0.23
0.13 0.07 0.06
0.r 0.05 0.05

o.o9 0.06 0.03
O.O9 NA NA

0.09 <o.01 0.09
O.O8 NA NA

0.08 <o.01 0.08
o.o7 0.01 0.06
0.06 <o.01 0.06
0.06 NA NA
o.o5 <o.01 0.05
O.O4 NA NA
O.O3 NA NA
O.O1 NA NA

d.Ol NA NA
d.O1 NA NA
d.Ot NA NA
4.01 NA NA

<o.01 d.ot <o.ot
4.01 NA NA

-273.1 0.00

9.8 1.37
-8.3 0.9

-10.0 0.n
-7.6 o.ft

-11.9 0.00
0.0 0.00
-7.5 0.15
-7.1 0.01
-1.1 0.43
-1.6 0.00
-0.9 0.@
5.3 2.U
0.2 r.07

16.3 7.52

0.0 1.00
-1.4 0.27
0.4 r.73
4.5 3.'ll
-r.6 0.00
37.7 31.12
1.7 5.97

38.6 121.4
0.0 0.00
8.0 26.67

&.1 131.67

26.3 87.67
0.0 0.00

15.7 SZgl

ss-1

sP-5
sw-2
sw-21
sw-l3
sw-14
sw-10
sw-8
sw-l6
sw-4
sw-20
sw-l2
sw-19
sw-7
sw-3
sw-6
sw-2s
sw-23
sw-s
SW-2.[
SP€
sw-l7
SP.7
SP.1
sw-|1
sw-l5
sw-l8
sw-22
sw-9

Note ' (kg Ca@3 equivalentAonne)

Steffen Roberteon and KHen (Canada) ItE'
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STEFFEN. ROBERTSON Af'lD KIRSTEN (CAI'IADA) lifC' :'

#.li$:ffi mgoilltff ?t-'s'i'"

RECEIVED
March lt, 1993

Project Number Sl l3l0?

Barneys CanYon Mine

P.O. Box 3ll
Bingham CanYon' Utalt

84006431t

r{AR 3 0 1993

Attention: Dave Hodson

Dear Mr. Hodson:

RE: ACID BASE AccoI.jNTING AND SIHKE FLASK TESTING RESI]LTS

This memo presents our conclusions and recommendadons ftom the recent testing of samples from the

South Barneys Canyon' South Deposil

A total of 4O samples were collected ftom blapt-hole.-S$ng:"gt the site' Tfese samples were distributed

uniformly over l0 drill holes, and at depms of 10. 20' 30 and 40 feet The uniform disribution of

SampleS adequately represents the materiat excavated ftom this arca' EiSht samples were sent to Chemex

Laboratories in North van@uve,f, British cotumbia and 32 samples were sent to core Laboratories in

Aurora, colorado for acid base accounting tests. TWo composite samples were prepared from the chemex

sanples,andweresubmittedforshorttermleachextrilctioDtests.

Acid Base AccowthgTest Resuls

TablelEesentstheacldbaseaccountingresults,sortedbyNNP.Adiscussionoftheoiteriafor
interpretation of the tesl was provided in our teser to Dave Hodson, dated lanuary 15' 1993' The

following has been extracted ftom that letl€r:

Acid base account tests are used to define the balance between potentiatly acid geoerating minuals

(sulfides) and potentially acid consuming minerals (typically carbonates) in a sample'

Theoretically a samfle will onty generate acidic leachate if tre poantial for add generation (AP)

exceeds the nantralization poteDtial, (NNP) or an M/AP ratiO Of leSS than l. However, in a rock

pile, the physical disEibution of the potentially acid gereratlng and acid nantralidng mlmals may

be sufliclelrgy variable trat acldtc seeps may develop for NP/AP ralios greatet than 1' For mlre

rocl plles, lt ls geoerdty accepted that samples with an NP/AP of less than 3:t out gleat€r

- 

z*,

It&t wl]r-l ueEn

ammg m:Hltfifffiffi ll$slF}.cto're 
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Prgc 2

thanl)donotc|earlyindicateapotentia|foracldSeneration.Itisouropinionthatwhaethe
sulfide and base mineralization is disseminated fairly uniformly in the rock mass (as is the case

atBarne}6Canyon)andisnotconcenr'atedonjoins,thatthisratiocanbereducedto2:l.A
similar index based on NNP is used, where samPles ln the ranSe of +20 to '20 kg cacot

equivalenutou' are in rtrls uncertain range. If a sanple falls witlrin this ranga kinetic testing ls

generally required to determine the liketihood for contaminant release and acid generation' In

addition where sulfide sulfur is low, generally less thatr 0.1%' it is considered that the potential

for acid generation ls insignificant even if no NP is available' In this case' howevef' metal

leacNng may still pose a potential concerrl.

An additional consideration is the apparently low reactivity of the sulfides remaining in ilre rock There

are indications that rhe marerial o be mined ftom the South Barneys canyon - South Deposit has already

been exposed to a c€rtain amount of chemicar weathering. The majority of the material to be mined is

above the natwar groundwater tabre and the porous nature of ttre rocks has ailowed air and water to reach

sulfide particles wirhin the rock mass. Any reactive sulfide particles would have likely already oxidized

to sulfate. fierefore it is considered likely that any remaining sulfides have a relatively tow reactivity'

Test results ftom rhe recent samples indicate the overall potential for acid generation is low' ln a well

brended rock pile, trpre wourd be a net positive NNP. and a oet M:AP ratio of 2.1. The disEibution of

potentially acid producing and acid consuming materiats is however not uniformly disributed in the rock

to be mined:

. Sl4}samples tested would be considered likely to produce ddi'y;

9/40 samples have a potential to genefale acidity, but have sufficienuy low zulfide

contents that the Ft acidity p'roduced would be very low;

5/40 samples are in the uncertain range for acid generation' where bnetic tests afe

requirod to determine tlre likelihood of acid generalion' HoweYer' tlrese samples have

such a small proportion of sulfide and neutralizing minerals that tlpy are considered

"in€tt', or non-readive;

1U40 samples are non acid poducing, however the total NPof these samfles ls rclallvely

low, tlrcrefore the samptes arc not considered acld consumers; and'

tUlO samPtes ue actd consumlry



Barncyt CrnYon Mir
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Pege 3

Because the poteotia[y acid generating rock (HHlo) is not located spatiaily neaf to the neuualizing..

mareriats (HH3, !IH4 and HH8).1$1e-i1gom.9_conc,qln na1 I *et! blended pile ry.ggtd.be "giqgl !9

produce. Selected removal of soie of Oe potentially acid producing materials would provide some

assurance that the blend of 2:l can be maintained uniformly throughout the pile. For example. if the

material in the vicinity of rhe t{H 10 drill hote were removed and hauled to the strongly acid consuming

Barneys canyon Mine piles. the overall M:AP ratio remainiog would be approximately 3:l'

Ms. Heppler indicared rhat ttre iron enriched areas within the pit ue disributed in a random clustered

pa$ern, posibly with a weak structural conml, ruher that an easily identiffed lithologic pattern' It would

_q:_b-{ly 
b. y"w difficult to segrggatq m9terials based on -t}cir acid potenqal' 

"

we feel ttut while tlrere is the potential for tocalized zones of acid generating materials: the low reactivity

of the sulfides and the overall composition of the pile will prevent the development of acidic drainage'

even at a 2:l ratio. povided an e\€n blend 
=can 

be Faillll{tg- If it is not possible to maintain the blend'

ne materiat wrucrrTliiiry to pioouce ;i&ry could be selectively removed and hauled to an alternative

disposal site.

Short Term Extractbn Tests

Extraction tests, otr "shake flask' tests are used to quantify tlE total contaminant load available for

dissolutioa The test does not quantify the rate of release over time.

TWo composite samples were prepared fum the samples seDt to CTpmex laboratories. These reFeseDt

material with a,high' and moderate sulfate contenl Ttre samples were mixed with a weak acidic leachate

1nH 4.2) at a solution to soliG rado of 2:1, agitated fq 24 hours, filtered and analfed for pH'

conductivity, sulfate, alkalinity, and metals by ICP. The d€{ailed procedure used by Chemex is afached'

Test results are presented in Tables 2 afr3'

Test results indicate a very rapid response of neutralizing misals to the weak acid leactrale. The pH of

the final solurion for both sanptes was greater rhan 8.0. Alkatinity tevets reached 43 aod 3O mglLCaCOt

equivaleil reqeoively for each of the samptes. The rapid f€sponse of pH and atkalinity to the acidic

leactrateusedforfr|etest'|ndicatesthesamp|eswou|drcspodratdly|nthefleldtonerrtrd|zeanyrc|d|c

seepage developng wltiln the rock pila conduaivity bvets were elevated to levers exceedlng

. 170 umlpvcm, tldshigh conducttvtty reFesents solubte satts, includlng the $lfate and other lonlc speclc

ln soludon
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Sulfate levels in the final leachate were 26 and 24 ngtL respecuvely' As there was a small amount of

suffate (from the sulfuric acio in the original leachate. this represents a net sulfale release of 22and20

mgL, or a maximum soluble load of about 4O mg/kg of rock, under the rclatively aggressive testing

conditions. It is our experience thaf only a small portion of the maximum soluble load is released under

normal conditions in dry deposited rock piles. Howevef, when this ls magnified to the tonnages of waste

rock in the piles, even a small percentage release of the sulfate could represent a significant concentration

(on rhe order of to00 mg/L) disctrarging from the pile. It is our opinion that any release of sulfates would

be over the strort term, and woutd be sufhciently diluted by the re$onal zurface and groundwaters b

mitigate any impact to the downstream system'

Metal concentrations in the final leachate wefe generally very low. An appreciable amount of calcium

was release4 probably due to dissolution of carbonate minerals. Trace levels of arsenic, nickel and

molybdenum were detected in the t{Hl composite. The souds analysis indicates there is a significant

quantity of arsenic available for release, however tre tests indicate only a small portion is readily soluble'

It appears that there is very liule concern with respect to metal leaching ftom matedd represented by tlrcse

sanple composites.

S wttnary and Rec o rntc n dations

Based on the recent test results, the material represented by tlre test samples should present no significaot

concerns in terms of acid generation or water quality in a well blended pile. It is critical that this bled

is maintained at an M:Ap ratio of greater rhan 2:1, therefore, if blending cannot be achieved on a small

scale (<l meter separation), selected removal of the sutfide enriched marcrid is recommended"

In the absence of acid generation, tlrere is a potential for a short term release of sulfate from rock *mPs:

To avoid flus-tring fiom the dumpr. we recommend that the dump be placed so ils to fill the base of tlp -' tW '*

valley allowing rhe stream flow to be directed, in a channel, over fip dumP. Itr this manner, impoundmeil

beNnd the dump and lhe associated seepage and leaching ls eliminated'
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The 32 sampte rejects, ftom rhe resdng at core LJboratories. haYe been sent to cominco Engineering

senyices Laboratories in vancouver (cEsL). The samples strould repfesent @arsef grained muerial ftom

u," drin cuttings. we recommend the followlng 5 samples or sample composites be submined for shake

flask testing:

. fllll0 (10,20,30)

. lIH09 (20, 30' 40)

. lIH04 (10,20' 40)

. [IfI08 (20' 30' 40)

. [IHO7 (10,20, 30)

The testing procedure used for the previous sarnples (at Chemex) is recommended. Additionally, paste

pH tests should be done on all 32 original sa.mples. cEsL generally charges us for the labour only for

these tests. @$29lhr. I think all of them could be done within 2 hous.

Please call if you have any questiolls or comments'

Yours tnrly

STETFEN ROBERTSON AND KIRSTEN (CANADA) INC'

loArb
A. MacG. Robertson, P-Eng.

Principal
KSS/IJB/AMN,

073/tss



TABLE 1

AARNE/S CAI.IYoi.I MINE. ACIO BASE AC@UNTING

SORTED BY NNP. ALLIAMPLES

HHlO
HHlO
HHlO
HHOg
HHOT

HHOg
HHOT
HHOg
HHOs
HHOz
HHO2
HHO3
HHO2
HHOs

HHO6
HHO6
HHOl
HHOS
HHOs

0.gl
0.42
0.29
0.12
1.54

0.63
0.2

0.92
0.06
0.08
0.17
0.04
0.13
<.01

0.06
0.02
0.30
0.02
0.02

0.57
0.48
0.50
0.38
0.35

0.21
0.20
0.12
0.18
0.11
0.10
0.56
0.10
0.11

0.07
0.06
0.12
0.10
0.04

0.01
0.01
0.00
0.00
0.07
0.09
0.06
0.01
0.00
0.01

0.09
0.10
0.05
0.05
0.06
0.(X)
0.09
0.11
0.02
0.12
0.01

17.8
15.0
15.6
11.9
10.9

6.6
6.3
3.8
5.6
3.6
3.0

17.5
3.1
3.4

2.2
1.9
3.7
3.1
1.3

10 0.9
30 0.9
20 0.79
n 0.5
10 1.89

,10 0.84
/tO 0.tl
30 1.04
20 0.24
30 0.194
,O 0.266
10 0.6
n 0.?3
10 0.11

,O 0.13
10 0.08
,10 0.'ll8
30 0.12
40 0.06

& 1.47
30 0.03
40 0.28
30 0.66
10 0.4
10 0.558
30 0.626
n 0.01
10 0.04
10 0.tr!5

n 0.13
30 0.1
20 0.519
n 0.05
€ 0.08
10 0.05
20 0.09
30 0.13
30 0.07
40 0.14
40 0.02

2.7 -15.'l 0.15
0.8 -14.2 0.05
1.8 -13.8 0.12
1.8 -10.1 0.15
r.E -9.1 0.16

1.8 "{.8 0.27
1.8 .1.5 0.29
0.4 -3.4 0.11
2.5 3.1 0.4
I -2.56 0.28
I -2.00 0,33

15.8 -1.7 0.90
2 -1.13 0.64

3.3 {.1 0.96

0.1 1.05
0.1 1.07

0.31 1.08
0.4 1.12
0.0 1.u

1.5 5.76
1.5 5.76
1.8 >18
1.8 >18
Ll 1.97
L25 1.82
1.25 3.4{l
4.5 15.36
4.8 >48

5.84 38.40

10.4 7.6 3.70
10.9 7.8 3.49
13 11.17 8.49

16.7 15.1 10.69
20.5 18.6 10.St
23.6 23.6 >m
28.6 25.8 10.17
29.9 26.5 8.70
27.1 26.5 '*3.3638.5 31.E 10.27
s7.7 97.1 120.64

HHOT
HHO6
HHlO
HHOT
HHOg
HHOl
HHOl
HHO6
HHOS
HHO2

2.9
2
4

3.5
1.8

1.8
r.8
1.8
1.8
4.3

5
6

4.8
tl.8

6

0.3
0.3
0.0
0.0
z2
2.8
1.8
0.3
0.0
0.2

z8
3.1
1.5
1.6
1.9
0.0
L8
3..t
0.6
3.8
03

1.46
0.02
0.31
0.69
0.s'
0.47
0.57
<.01
0.0,1
0.03

0.04
<.01
0.47
<.01
0.@
0.05
<.01
0.m
0.05
0.02
0.01

HHOS
HHO'l
HHOl
HHO4
HHO4
HHO4
HHOS
HHOS
HHOS
HHOS
HHOS



TABLE 2

BARNEYS CANYON MINE, SHAKE FI-ASK TEST RESULTS

Leaching Solution:

ConductivitY (u mhos/cm)
4.2

21.7
4,2

'selected metals not included (metals where the solids contenl

was below detection limit)

Test Resulls:

Parameter HHl ComP HH2 Comp

pH (after I hour of contact)
'pH 

(atter 2 hours ol contact)
pH (Final)

ConductivitY (u mhos/cm)
Alkalinity (mgA CaCO3 eq-)
Net SulPhate (SO4-(rng&)-

8.6
8.6
8.4

192
43
22

8.2
8.2
8.2

177
30
20

MFTALS

As
Ba
Ca
Cu
Fe
K
Mg
Mn
Mo

iNi
lP
lPb
lsr
lZn

0.05
0.3
21

0.01
1

5
4

0.01
0.34
0.05

1

0.05
0.11
0.01

t:
l'

0.05
0.1
10

0.01
1

5
2.8

0.01
0.02
0.04

1

0.05
0.07
0.01



BARNFY€cANYoNM|NE,SHAKEFt.AsKTEsTRESULTS:oALCULATIoNS

TABLE 3

4.0o1
0.061
0.011
25o 

I

0.331
o01l
0.&f
1.12
0.02
z@
0.9!
286
o.83
o.31
o.o1

0.98
o.06
0.12
2.&
0.33
0.o2
0.tr}
1.14
0.13

34.m
2.fi
2.fi
o.50

LoadLeachate

so4
As
Ba
Ca
Cu
Fe
K

Mg
Mn
Mo
.Nl
P
Pb
Sr
Zn

401
0.1 I

o.2l
201

0.021
2

10
5.6

0.02
0.04
0.08

2
0.1

0.14
0.02

2
10
I

0.02
0.68

0.1

201
0.051

0.11
101

0.01
1

5
2.8

0.01
0.02
0.04

1

0.0s
0.07
0.01

2.1
0.051

0.31
211

0.011
1l
5
4

0.01
0.34
0.05

1

0.05
0.11
0.01

1000
160

1520
800

6
21700

1200
500
115

2
24
70
12

6
13100

1600
700

15
2

(-r



TABLE 4
EERNEYS CAI.IYON MINE, ACID BASE ACCOUNTING

soRrED BY NNP - !1119 neuoveo

.\,

HHOg
HHOT

HHOg
HHOT
HHOg
HHOs
HH02

HHOS

0.5
1.89

0.84
0.4

1.04
0.24

0.194
0.266

0.6
0.23
0.11

0.13
0.08

0.41E
0.12
0.06

'|..47

0.0{l
0.66

0.4
0.s58
0.626

0.01
0.04

0.035

0.13
0.1

0.519
0.05
0.08
0.05
0.09
0.13
0.07
0.14
0.02

0.21
0.20
0.12
0.18
0.11
0.10
0.56
0.10
0.11

0.07
0.06
0.12
0.10
0.04

0.01
0.01
0.00
0.07
0.09
0.06
0.01
0.00
0.01

0.09
0.10
0.05
0.05
0.06
0.00
0.09
0.11
0.02
0.12
0.01

11.9
10.9

6.6
6.3
3.8
5.6
3.6
3.0

17.5
3.1
3.4

2.2
1.9

3.7
3.1
1.3

1.8
1.8
0.4
2.5

I
1

15.8
2

3.3

0.38
0.35

0.12
1.5t1

0.63
0.2

0.92
0.06
0.08
0.17
0.04
0.13
<.01

20
10

&
40
30
n
30
40
10
n
10

40
10
tO
30
/O

20
30
30
10
10
30
n
10
10

1.8
1.8

-10.1 0.15
-9.1 0.16

-,{.8 0.27
-{.5 0.29
€.4 0.11
€.1 0.u

-2.56 0.28
-2.00 0.gl
-1.7 0.90

-1.13 0.64
{.1 0.96

0.1 1.05
0.1 1.07

0.31 1.08
0.4 1.12
0.6 1.U

1.5 5.76
1.5 5.76
1.8 >18
2.1 1.97

2.26 1.82
4.25 3.4t1
4.5 15.36
4.9 >49

5.84 38.40

7.6 3.70
7.8 3.49

11.47 8.49
15.1 10.69
18.6 10.91
a.6 >236
25.8 10.17
26.5 8.70
26.5 4i1.36

34.8 10.27
37.4 120.64

HHO2
HHOs
HHO2
HHOs

HHO6
HHO6
HHOI
HHO5
HHO5

HHOT
HHO6
HHOT
HHOg
HHOl
HHOl
HHO6
HHOS
HHO2

0.06
0.02
0.30
0.02
0.02

1.46
0.02
0.69
0.33
0.47
0.57
<.01
0.04
0.03

0.04
<.01
0.47
<.01
0.02
0.05
<.01
0.02
0.05
0.02
0.01

HHOS
HHO4
HHOl
HHO4
HHO4
HHO4
HHOs
HHO3
HHOS
HHO{I

n
30
a
20
/t0
10
n
30
30
40
,m

2.3
2
4

3.5
1.8

1.8
1.8
1.8
4.3

5
6

4.8
4.8

6

10.4
10.9

13
16.7
20.5
a.6
28.6
29.9
27.1
38.5
37.7

0.3
0.3
0.0
2.2
2.8
1.8
0.3
0.0
0.2

2.8
3.1
1.5
1.6
1.9
0.0
2.8
3.4
0.6
3.8
0.3
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RECEIVED

April 15. 1993 llAY | 7 !S
Project Number Kl03l0l

Barneys CanYon Mine

P.O. Box 3ll
Bingham CulYon, Utalt

84006-031, 
Bv Fil(

Attention: Mr. Dave Hodson

Dear Mr. Hodson:

RE:SI''MI{ARYoFABAAccoUNTINGRESI',LTSFRoMTHEMELcoDEP0SIT

This letter summarizes the testing resurts ftom 55 sampres coilected from the Melco deposil

A totar of rO.dril core.s4nlplg; ftom each of the major rock units were colrected and submi[ed for te$ing.

The rock units comPrise:

. non-calcareous sanGtone;

' calcar@us sandstone;

. quartrite;

. carbonac@us dikes; and,

. sulfide rock;

Five samples were also collected from a breccia zone in the waste rock'

The proportion of each of these materials is currently under assessment by Barneys canyon Mne

personnel It is estimated ttrat the carbonaceous and sulphitic rock will comprise less than 5 perceot of

rhe total waste dump composition. Tabre l lists the dill hores and depths at wilch each of the sanples

was colleaed.

a

The samples were submitted to core Laboratories in Aurora, colorado for acid base accounting tests

Eg
eiffiHg S: tT5.t tf8:i58l'tiR :i'3';tr'oup 

of cor"p.'i{'3
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Acid Base Accountlng Results

Acid base accountiog tests are used to define the balance between potentially acid generating mitsals

(sulpNdes) and acid consuming minerals (typlcally carbonat€s). Table I pfeseots the acld base accounting

test results for each of the 55 samples. These are discussed by rock t)?e below'

N on- C alc ar e ous Sands tone

The non+alcar@us sandstone is relativety "barren' with respect to sulphide and carbonue mineralizatioo"

Sulphur levels do not exceed 0.01 percent (the detection limit), and therefae do not have any dgniflcau

potenrial ro oxidize and produce acidity. The neutrattzation potential (NP) of tp samples ls tlplcally very

low, ranging ftom 0.9 to 4.1 kg CaCQ equivalent/tonnq and a $ngle sanple with an NP of n.S. TrF

average N1i1p from Bre l0 samples tested was 3.9. These samples are esseotially lrert and would not

contribute acidity to the rock pila nor do they contain suf8cient NP to oeuEalize acidity generated from

other rock tyPes within ttrc Pile.

Barneys canyon Mire have reported that a significant portion of the dumpc wiu be comp,rised of the non'

calcareous sandstone.

Calcareorc Sandsmu

Sulphur levels tn the calcareous sandstone samptes are very low, less than 0.01 percent This materid is

therefore unlikely to oxidize or produce acidity. The neutralization poteotiat ranges from <O.l to 98.4 tg

CaCO, equivalenUtonne, with an average value of 41.8. Rock from this unit can be classified as acid

consuming.

No estimate of the p'roportion of calcareous sandstone has been made"

Quartziu

The sulphur content of the l0 quartzlte samptes is very low, ranging ftom d.ol to 0.02 peroent The

neutralization potentlal is atso relatively tow, ranging ftom 0.9 to 36.4 tg CrCOr equivalent/tonrc. Slx

of the samples are in the range of 0.9 to 3.4 kg CaCO3 equivdemlnnre, and re consldered noHeacdve

TtB remalntng 4 samples contaln 21.7 to 36.4 kg CaCq equtvdent/tonrc NP, and are con$dered acld

consuming.
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A significant portion of the dump win be comprised of the quartzite.

Carbonaceous Dikes

The carbonac@us material conurim a significant proportion of sulpNde minslalizatiga Total sulphur

levels range from 0.05 to 4.05 percenl Sulphate levets are low, ranging ftom <o'01 to 0'tt pefcenL

fusuming the totat sulphur less the sulphate sulphur is equivalent to the sulphide sulphur content' the

sulphide content ranges from 0.03 to 3.9 perceDt' and has an average value of 125'

The Np measured in this material ranges ftom <0.1 to 4.6, indicadng a low acid oeutralization potential.

The majority of sarnples are considered likely to generating acid. Two of tte sanple are in the unc€rtain

range, where kinetic rcsrs are required to determine the liketihood for acid generation.

It is possible that the sulphide slphur, or AP, content is acnrally somewhat less than reported" If some

of the sutphur is present as buite, it will report to the sulphide sulphur, ths overestimating tlp potential

for acid productlon. As discussed, we have initiated work to quantiff the amountof barite, and recalculale

the AP.

Barneys Canyon Mine have indicued 0rat less otan I perceot of this muerid will report to the waste

dumps.

Sulphidc rock

The sulphur cootent of this material ranges ftom O.Ot to2.6 percenL SulPhates range ftom d'01 to 0'14'

Assuming sulpNde content ls equivalent to the total sutphur less the srlpharc srlphur (see the pevlots

conment on buite), the sulphide conteDt is in the range of <o.01lo2.6,witlr an average of 0-93 percenL

Five of the samples contaln less than 2 kg CaCO, equivalent/tonrc NP, wlrile 5 are ln the range of 9'l

to 3g.5 kg CaCO, equivalent/tonm NP. Six of the samples are comlderod likely to produce acidity.

Three are in the range of uncertainty for acid generation, and one sample ls coo$dered acld consuming.

Barneys canyon Mire have indicated trat less than 4 p€rc€ot of tre sulphide rock will report to the waste

dumps.

*. (L,t sW ,4d pAh^ ae"d't l{' &u'f rthd *Il *'h*; "ll'A'
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Breccia

Five samples from the breccia rock were tested. SulpNde contents ratrge fiom d'01 to 0'09 prcent'

indicuing a relatively low porential to generate acidity. The NP of these samples range ftom 2'3 lo 9'1

kg caco, equivalent/tonre NP. The samptes do not have a clear potentid to eitlBr geDerate a' consume

acidity.

No estimate of ttrc proportion of breccia has been made'

Overall Acid Potential

Table 2 provides an estimate of the acid generation potential for the dumps' assuming the majority of the

material is comprised of non<alcareous sandslone and quartzite. This wiu be refined once the results of

the block model are avaitable to us. The percentages a.ssume t worse case' lo that the calcareous

sandstone is probabty under-represented in the composition. Assuming tlrese samples adequately rePr€seil

each of the rock units, it is considered unlikely that the pile could Senerate acid" There is however a

potential for the release of sulphate if the carbonac@us and sulphitic rocks oxidize" Strateges for

placement of these materials, and a risk analysis comparing the alternarives will be sent lo you within the

next week.

Yours trulY,

STEFFEN ROBERTSON AND KIRSTEN (CANADA) INC.

7hm"/'--
/*^MacG' Robertson' P'Eng'

/ Principal

atlrh.

KSS&MWAItfi,

0?yAl{R
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Melco Dcposlt' Add 8rs. Acco{ndng Tost Resdlr

MG280D 504 51't
MG281D 115 125

MG3190 t0 20
MG352P 7175 780

MC353D 20 30

MG361D 260 265

MO361D 390 3ss
tilG363P 690 700

IIG374D 383 3Ct
[,1o377D t0 30

irG280D 820 8il0
MO281D 295 300
llC2SrD 400 '110
MC.319O 485 'f90MC-a'aP 705 710
MG353D 305 310
MC€610 735 714
lB363P 578 580
lirC€7lD t73 l8(l

Frorn To

trlG377D 101 110

MG319D 750 755
MG352P 830 835
MC361D 680 684

[fc€77D 815 d8

<{.0't 0.02
<o.ot 0.02
<o.01 <o.01
0.0t <o.01

<0.01 0.02
<0.01 <o.ot
0.01 0.0/t

<0.0t <o.ot
d.01 <o.01
<o.01 0.02

<o.01 <o.01

0.01 <o.01
<o.01 <o.01
0.0'l <o.01

<O.01 0.0.1
<o.01 <o.ot
<o.ot 0.02
<{.01 <o.01
0.02 0.04

<0.01 <o.01

0.09 d.ol
<0.01 0.04
0.t3 d.ol
0.1 <0.0t

d.ot <o.01

<o.01 <o.3
<o.01 <o.3
<o.01 <o.3
0.0t 0.3
<o.01 <o.3
<o.01 <o.3
<o.01 d.3
<o.01 <o.3
<o.ot <o.3
<o.ot <o.3

<{.01 (o.3
<o.01 <o.3
<o.01 <o.3
<o.ot <o.3
<0.01 <0.3
<o.01 <o.3
<o.01 <o.3
<o.01 <o.3
<0.01 <o.3
<o.01 <o.3

<0.01 <o.3
0.01 0.3
<o.01 <o.3
0.0r 0.3
<o.01 <o3
<o.01 <o3
<o.01 <o.3
<o.01 <o.3
<o.01 <o3
<o.01 <o.3

0.44 13.8
1.03 9,2
0.69 21.6
0.09 0.9
0.05 1.8
'1.65 51.6
0./t8 15.0
2.99 S.4
127 39.7
3.9 t21.9

1.78 55.6
0.&f 263
2.8 7eo
1.Ol LS
0.25 7t
0.05 1.6
<o.01 <o3
12 S7.5

0.30 lt.g
1.28 '10.0

0.00 zc
<o.01 <o3
0.13 a.l
0.1 3.1

<0.01 <o3

MG28oo 49 54 <O.01 0.03

IIIG2SOO 164 171 <o.0t 0'02

iic-zeoo 934 34l <o.ol o.og

1tfG281D 715 7n <O.01 <O'01

l,tOSrgO 80 90 <O'0t <d'01

ucgtgo 90 100 <0.01 <o.01

uogoro 130 135 <O.01 <o.01

lrc-361D 225 2g <O.01 0.02

MG363P 615 6a5 <0.01 <o.ot

1.1 > 4.1 > 14.5 tlmclcareour Sandstono

l.l r 0.8 > 3'6 tlqrcalcareour Sandgtono

02 > -O.t > 0.7 Nonclcareorp Sandstqro

if 1.1 4.5 t'lm+alcareou! Sandetm.
O.g > 0.6 > 3.0 Non+alcareoug Sandstqro

iz, 1.9 > 7.3 Non+alcareots Sande|qtc

t.a t 2,5 > 9'2 Nm'calcareous Satdston'

n.a , 22.5 > 75.2 Nm'catcareoua Sandslmr-i.e r t.3 > 5.3 l\lm.calcareoua Sandsloo
i.6 r 1.3 > 53 Non-calcareouo Sandstmc

82 > 81.7 > 270.6 Calcar€ous Sand$ono

<o.i > {.3 0.0 Calcareoug Sarrcs{mo

eg.g t A.O > %.lCalcarrcus Sandslonr
g8.l t 98.1 > 324.7 Calcareous Sandgm'-O.e t 0.3 > 2.0 Catcaleous Sandslar
<).1 > -0.3 > 0.0 Catcareop Sandslonc

ir t 3.1 > ll2 Cahareous Sanddonc

82 > 2..9 > 76.6 Cahareoug Sandslmo

| > 0.7 > 3.3 Catcateo€ Sandslme

l4O > 139.7 > 1162.0 Calcareous Sandslme

21.7 > 2'1.4 > 71.6 O|lattdll
2e'r 26.1 e{.5 Qrnttdto
12 > 0.9 > 4.0 Quartzitl
3.4 3.1 10.9 Q|l8rtdtc
2-1> L1 > 7.9 Q ntdto
e6 > 2.3 > 8.6 Ourtdtr
26 > 2.3> 8.6 Qnrtdtr

212 > 23.9 > 79.9 Quattril'
36.a > 36.1 > t20.t Ouattdtr

O.9 > 0.6 > 3.0 Quttdto

0.9 -12.9 0.1 Carbone'ceous gikes

<O.l -3P2 0.0 Carbqreceous Dftes

<O.1 '21.A 0.0 Carbonecsotlg Dikes

12 0.3 l3Cartoneceow D[<eg

2 0.1 i3 Carbonecoottr Diket

d.i -51.6 0.0Garboneceow D*ar
3 -12.0 0.2 Ca6on€ceour Dikec

.o.i -93.a 0.0 Carboneceous Dikos

<O.t €9.7 O.O Caftfi€c€otts Dike!

4.6 -i 17.3 0.0 Catb'on€c€ottg Dlkes

1.6 -91.0 0.0 SdPtrlde Rodt
<r.1 '263 0-0 SdPtJde Rod(
4.1 -78'9 0.0 SdPtlde Rocr
38.5 AO 12 Sdd{de Rod(
93 15 12 St$t{do Rod(

<O.l -t.6 0.OStSH&Bod(
n.7 > 29.1> 9s.0 St$tldc Rod(

9.1 -28.1 02 SdPildo Rod(
16 4.1 1.3 SdPtt|de Bocr
0.5 €95 0.0SdPMe Rodc

9.7 oJ 3.'l8rcccb
3 > Ll > 0.9 Bncda

35 4.6 O.9Brodr
53 22 l-7&lod.
23> LO> 7.88ttocb

MG28oD 798 801 0.53 0.09

uc-srso 385 390 121 0.18

lrc€1gD 390 395 0-85 0.16

MG3I9D 4oO lo5 0.07 0.04

lrc€lgD 695 700 0.05 d.ol
MG319D 820 825 1.8:l 0.17

rrc€s3D 7u 7eo o.sl 9.trrrc-gno 4&l 491 3.17 0.18

UCSZO 911 917 /t.05 0'15

MC-319D 995 tO00 1.78 d.ot
uccrgo 1o0o l0o5 0.98 o.la
ircgszp 1oo5 iolo z.6 0.14

Megszp io6o 1o6s t.oc o.o5

MO353D 970 e75 0.45 02
uc-gsgo geo 995 0.07 0.02

MCssitD 1025 lo30 0.04 0.0{
MG361D 7t2 797 1',3 0.03

UCgStO 820 825 0.'11 0.03

MG377D 980 990 '1.3 0.02
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TABLE 2
Summary Results

avg AP avg NP avg

Breccia
Calcareous Sandstone
Carboneous Dikes
Non-calcareous Sandstone
Quailzite
Sulphide Rock

2.8 2.4
41.7 > 139.0
-38.0 0.0

3.9 > 13.0
12.1 194.9
-18.5 0.4

1

I
1

44
45

4

2.O
<o.3
39.2
<0.3

0.1
29.0

4.8
41.7

1.2
3.9

12.2
10.5
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1.0

WASTE DUMP COVER DESIGN
A Modeling Study

INTRODUCTION

An important goal of the rgclamation of waste rock piles generated by mining operadons is to

minimize infiltration into the waste rock since such infituation may adversely affest $s quarty of

underlying ground water. In this contsxt, infittration is d€finod a3 water which migrates through a soil

covsr and passes into the wasto rock beneadr the cover. As part of dre design of reclamation plans

for wast€ rock dumps at tho Kennecott Bameys Canyon Mine located near Sah Lake city, [rtah, Watsr,

waste & tand, Inc., {\Ml svaluated the hydrologic aspects of potential cover designs. This report

summarizes the methods utilized, describes t're data utilized, and presents the results of the studY.

Study DcscriPlion

Waste rock generated at the Barneys Canyon Mine can be readily categorized into two distina

Wpes-oxide and sulfide. The primary distinaion between the tvo categories is the amount of sulfide

mineral present in t're rock. Sulfide bearing rock has the potential to generats acid as it weadters in

tha presence of orygen and water so that infiltration into t'ra wasto may mobilize metals contained in

the rock. To minimize potential environmenul impact, h is desirable to minimize dte infihration into

dre waste dumps.

The oxide typs waste rock, on the other hand, has acid neutralizing potential so $at

mobilization of metals is of little concem. While infiltration migrating through dre oxide waste rock

dumps is not expected to mobilize metats, it may contain elevated concentrations of soluble salts

which are in the waste rock. Again, it is desirable to minimize tre amount of leachate gensrated so

as to minimize potential impacts to ground watsr'

Various cover designs can be implemented to minimize infiluation into waste materials. The

most obvious solution is to includa a layer of material, either natural or synthetic, which has a low

permeability to resuict infiltration into the waste. However, this obvious solution may not be

appropriata in all circumstances, especially in arid and semi-arid ctimates whers establishment of

vegetation on the surface of the waste dump may be sufficient to eliminate percolition beyond fie root

zono {rechargel so that the low permeability layer is unnecessary. A landfill study performed by

Stephens and Coons (l gg4t suggests that bw permeability caps provide litde, if any, rsduction h

infiltration betow that naturally achieved in an arid environment.

To minimize t're potential for infittration and subssquent sospago from fie sulfide uvasts rcclc

Kennecott has devsloped a wasto managennent ptan h which separate wasto dumps u,il be

construct€d for trre two typ€r of waste roclc Because of dra differsnct b€tnitstl trc two medd

1.1
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typ€s, it was recognized that different covor designs may be necsssarY. In semi-arid climates similar

to that of the mine aroa, previous studies have shown that a natural cover consisting of vegetation is

usually appropriate for the oxide waste piles. Depending on the efficiency of vegetation in removing

infiltrated precipitation, additional components lbarrier layar, drainage layer, etc.l could be incorporated

into the cover for the sulfide wasto dumps.

1.2 Obicaivcl

The primary obiectives of this study were to:

l. Develop a cover design which is optimized to minimize infiltration into the oxide waste

dumps through dte use of available matsrials, and

2. Evaluate the potential to further reduce the infiltration into the sulfide wasts dumps'

secondary objectives of the study wer€ to I ) evaluate th€ potential for failure of the cover and provide

recommendations to minimize the risk of such failures and 2) recommend data collection medtods

which can be used tO assess the performancs of cov€rs after implementation'

1.3 ApProacfr

Although revegetation studies have been performed at fie Bameys Canyon Mine, final cover

has not been placed on existing wasto dumps. Thersfore, the performance of potential waste rock

cover designs was evaluated using prediaive models. In general, Stase models rely on given climatic

data (either historical or synthesizedl from which the various hydrologic compongnts finfiltration'

runoff, evapotranspiration, €tc.l aro computed.

Two mathematical models were utilized to estimate the amount of water which may percolate

from the base of the waste rock piles after reclamation is complete. The HELP (Hydrologic lvaluation

of Landfilllerformancel model developed on behalf of the U.S. Environmental Protection Aoency IEPAI

was the primary tool utilized in this study. An overview of the HELP model is provided h the

Appendix. A more physically based model, UNSAT2, was applied to tha problem in an effort to

evaluate potential limitations of the HELP model. A general description of the UNSAT2 program is also

provided in the ApPendix-

In Section 2. data utilized in the analyses are presented and compared with available site daa.

Results of the analysas are provided in Section 3 and recommendations regarding the cover desbns

ars presented in Section 4.
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modeling study are described in this soction. Climate data are

Rationale for selection of the default HELP soils is presented in the

3

2.1 Climd.

As discussed previously, the HELP modd requires various climatological data as input to

perform tha water balance on the soil cover. The precipitation data used in the modeling effort are

described and compared to data collected in the vicinity of dre mine in the first subsaction.

Temperature data are discussed in the second subssction while evaporation related data are prssantsd

in the final subsection.

2.1.1 PreciPitation

The HELp model provides the user with three options regarding precipitation-a default 5 year

data set, synthetic precipitation data for 1 to 20 years generated by the model, or user supplied daily

precipitati6n depths. Because site specific daily data ere not available, the synthetic precipitation

generation option was sel6sted. The precipitation data were computed based on ths coefficients for

salt Lake city. To svatuats its adequacv, the generated precipitation data s€t was compared to

historical data collected at six weather stations operated by the National Oceanic and Atmospheric

Administration (NOAA! in ths vicinity of the Bameys Canyon Mine and three relatively short-term data

sets collectad by Kennecott personnel. The weather data for the NOAA stations are available (in daily

or summary format! from the National Climatic Data Center {19931. The precipitation data are

summarized by location and month in Table t.

As shown in Table 1, precipitation varies considerably with location with a minimum annual

averaga of l t .g inches at Grantsville to a maximum annual averag€ of 24.8 inches at Kennecott's

Bingham 6190 Yard station. The data collected at the Barneys Canyon Mine (BCMI gata covers only

tha period from June, l gg0, to the present time. Because of the short duration of the weadter record

and the fact that the data inctudes precipitation received in 1993 (one of the wettest years on record

in salt Lake cityl, the means reported for the BCM gate are not considered repres6ntative. In addition,

the winter data are somewhat suspect since fre station is not fitted with the proper equipment to

measure snowfall as an equivalent rainfall depth. A longer period of record is available at Kennocott's

Bingham 61g0 yard station but h is believed that t'ris station receives more precipiation than Barneys

Canyon Mine because of its location and elevation. Of the three Kennecott stltions, dts Elingham

Geology station is probably dre most reprasentative of precipitation received in the vicinity of Bameys

Canyon.
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precipitation data for the six NOAA weather stations suggest that $s precipitation record

generated by the HELP model compares favorably with the Salt take City stations but is somewhat

lower than stations in the vicinity of Bingham Canyon. While h is not believed that the minc receives

as much precipitation as 1lre Bingham Canyon stations, it is possible drat it recaives somewhat mors

than the HELP ganerated average of 14.7 inches. As part of the sensitivity analysas, HELP modeling

was performed with higher precipitation amounts.

2.1.2 Temperature

Regardless of the preciphation dau utilizad, t're HELP model generates temperaturo dat| for

use in the computations. Again the Salt Lake City coefficients were selected for generation of the

temperature data since it is closer to tho mine than the other two tJtah cities, Cedar City and Milford,

contained in the data base. Temperatur€ data for five NOAA weather stations located in tha vicinity

of the mine are presented in Table 2 along with the temperature data collected by Kennecott at ths

Bingham 6l gO weather station. Comparison of the data presented in Table 2 indicates that HELP

generated tomp€ratures compare favorably with tre Salt Lake City average temp€ratures and are

similar to averages at odter stations.

2.1.3 Evapotranspiration

Few weather stations in the vicinity of t're Bameys Canyon Mine collect pan €vaporation data.

pan evaporation data for dre five stations for which data are available ars ptos€nted in Table 3 along

with the potential svapotranspiration values astimated by multiplying the pan values by 0.7. As

shown, pan €vaporation ranges from a low of about 43 inches (potsntial evapotr"nspiration of 30.1

inchesl in provoto a high ot73.4 inches (potential ovapotranspiration of 51.4 inchesl attho Saltair

Salt plant. This latter location is on thE edge of the Great Sah take along the margins of the Great Sah

Flat. lt is unlikely t'rat evaporation potential at the mine is as high as observed at this location. Based

on values observed at the odrer stations, it is likely that the pan svaporation in the vicinity of Bameys

Canyon is on the order of S0 inches ger year which translates to a potential evapotranspiration of

about 35 inches per year. lt should be notsd that dre reported values do not include the winter months

so that the actual evaporation potential is probably somewhat higher.

The HELP program does not roport avsrago values of potential ovapouanspiration which are

computed based on weadrsr data. Evapotranspiration is limited in arid environments where potential

svapotranspiration gready axceeds precipitation as at dto Bameys Canyon site. The annual totd

6vapotranspiration computed by the HELP model ig considerably less than fi6 pot3ntial

evapotranspiration obssrved at regional weather stations 114 inclres vorsus'about 35 inchesl-

5
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TABLE 2

SUMMARY OF AVERAGE MONTHLY TEMPERATURES

Month
Bingham
Canyon

Bingham
Canyon

2NE
Salt Lake

City

Salt Laka
City

NWSFO Tooele

Bingham
6190
Yard

HELP
20 Year

Synthetic

Jan 28 27 29 28 29 27 28.6

Feb 31 32 35 34 33 31 34.1

Mar 36 38 42 42 40 35 40.7

Apr 44 46 52 50 49 44 49.2

May 54 55 60 59 58 5l 58.8

Jun 63 66 68 69 67 62 68.3

Jul 72 75 79 77 76 69 77.5

Aug 70 73 76 75 74 71 74.9

Sep 62 64 66 65 64 60 65.0

Oct 50 5t 55 53 52 48 53.0

Nov 38 38 41 40 39 34 39.7

Dec 29 31 33 30 30 29 30.3

Ann 48 50 53 52 5t 47 51.7

Temperatures are in degrees Fahrenheh
NOAA climate stations-- Bingham Canyon, Bingham Canyon 2NE, Salt Lake City, Sah lake City

NWSFO, Tooele
Kennecotr climate stations - Etingham 6190 Yard. Kennecott station does not meet approved

weather station standards. Data from t'ris station should be considered indicative only.

Therefore, the potential evapotranspiration computed by the HELP model is well within the measured

potential evapotranspiration for the vicinity of the Barneys Canyon site.

An important parameter in the HELP model is the depth of the evaporative zone. According

to dre default information in the ctimatic data base, typical evaporative zone depths for Salt Lake City

are | 6 inches for non-vegetated surfaces, 32 inches for fair grass and 48 inches for excellent grass.

Based on test plot studies at the Bameys Canyon Mine, the effective rooting depth on the reclaimed

waste rock piles is expeaed to b€ about 24 inchss (Golder Associates, 19941 so the evaporative zone

depth was set to 24 inches for all HELP modeling.

The HELp model provi6es five vege6tion choices for soil covers-bare grourd, poor grass, fuir

grass, good grass and excellent grass-which determino ths maximum leaf-area indax for the crop.



TABLE 3

SUMMARY OF CLIMATIC STATIONS AND AVERAGE MONTHLY EVAPORATION

Station
Parameter

Provo Airport Provo Radio
KYAK

Provo BYU Riverton Saltair Salt Plant utah Lako Loha

Elevation (ftl

Begin Date

End Date

Yesrc of Racord

Coveragc 196l

Miler from BCM

Dlrcctlon

Evsporrtlon

Jan

Feb

Mar

4490

07toll48
r0/30/51

4

67

37

SE

Lake

2.OO

4470

04to8l52
09t24t60

I
54

37

SE

Lake

4570

o4/0r/81
10t31t92

r2

65

37

SE

Leke

2.59 | r.gt

4660

10/01/65

o9/30/68

4

-

51

14

ESE

Loke

42tO

o5/08/56

08/31/9t

30

63

14

NW

Pan Lake

3.69 | 2.58

4500

07to2t48

08/31/92

45

59

24

SE

Pan Lrko

2.66 1.86

Apr 6.03 4.22 4.28 3.00 4.85 3.40 5.59 3.91 8.21 4.35 6.r3 3.59

May 6.83 4.78 5.95 4.17 6.84 4.79 7.48 6.22 9.09 6.36 7.28 5.10

Jun 8.62 6.03 7.22 5.05 8.84 6.19 8.48 5.94 I r.88 8.32 8.91 8.24

Jul 8.88 6.22 8.32 5.82 9.78 6.85 10.71 7.50 14.35 10.o5 9.76 6.83

Aug 8.37 s.86 7.34 5.14 8.62 0.03 9.99 6.99 12.67 8.87 8.71 6.lo

scp 8.O9 4.26 6.28 3.70 6.41 3.79 7.14 6.OO 8.50 5.95 6.r8 4.33

Oct 3.41 2.39 3.26 2.28 2.87 2.Or 5.14 3.00 4.80 3.40 3.77 2.61

Nov 1.33 o.93 2.r4 1.50 t.43 r.@

Dec

Totsl 51.08 35.76 42.98 30.09 49.80 34.86 54.51 38.16 73.39 6r.37 63.83 37.08

-

All cvaporatlve depths are In Incheg
Pen coefficlcnt of 0.7 ussd to convort pln evepotatlon to lake evaporation
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Maximum leaf-area indiceg, based on growing s€ason length and annual rainfall amounu3, aro contdnd

within the climatological data base which is part of the HELP model. The maximum leaf'araa index for

Salt Lake Crty (witfrout irrigation) is reported to be 1.6 which is stightly less dtan the value oe 2.O

which indicates .fair grass' as a cover crop. Ttrersfors, as a conservativg assumption, vggetation

selected for this modeling exerciso was 'poor grass' and 1.0 was used as drs maximum leaf'area

index. tt should be emphasized that the term 'poor grass' is related to HELP terminologty and b not

indicative of x,re ability to develop an acceptable reclaimed surface on fre wasto dumps. The dsfauh

growing soason for Salt Lake City was used. For modeling purposes, the growing s€ason is 16:l day3

tong, begins on May I and ends on Octobor | 1 {leaf-area index of 0.0 until May 1 when it beoins

increasing to $e maximum of t .0 sometime during fie growing season based on daily temporanJra ild

solar radiation data and then declines to 0.0 on Octobor l2l'

2.2 Soilr

As discussed in the Appendix, the user must select appropriate defauh HELP soils based on

textural class or provide estimates of porosity, field capacity, wilting point and saturated hydnulic

conductivity for each soil layer considered in the cover. Two reports regarding soils in the vicinity of

the Barneys Canyon Mine were reviewed in an effort to select soil types which are likely to exist after

rectamation is completed. Natural topsoils in the vicinity of the mine, as catalo0ed by JBR Consulans

Group (1gg3), ars summarized in Table 4. In general, dte natural soils tend to ba shallow, gravelly

loams with low water holding capacity. Based on this data, default HELP soil 6 is considered most

similar to natural soils observed in the Barneys Canyon area. The ability to amend wasts rock with

sewage sludge or other organic matter is being evaluated at the present time by Bameys Canyon. For

modeling purposes, it was assumed Srat the soil cover will ultimately be similar in natura to t'le natural

topsoils reported by JBR Consultants Group {19931 so drat HELP soil 6 was also selected for uso as

the rooting zone soil obtained by organically amending waste rock.

In late l gg3, a preliminary characterization of in-placa waste rock was performed by HBT

AGRA Umited. Field measurements and soil samples were collected at two existing wasts dump

locations-trre 6500 Dump and the SBCS Dump. Parameters of interest to the modeling study indude

texture, porosity, saturated hydraulic conductivity, and field capacity. The dump materials were

generaly classified as sandy gravels. Peninent data reported by HgT AGRA Limited {19941 are

summarizsd in Table S. In general, the 'loose' material as described in the H8T AGRA roport appea6

to be texturally similar and has porosity and permeabilrty characteristics whic*t roughly conespottd to

HELp default soil t. Reported fietd capacities am much higher than normally encountered in sandy

soits. Based on the discussion in HBT AGRA Umlted t19941 and conversations widt Kennecon

personnel, h is'probable t'rat dre lteld capacity samples were collected too soon after satura&n.
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TABLE 4

SUMMARY OF SOILS AT BARNEYS CANYON

Soil Series
AWHC
(in/inl Ouality Texture

Mean Depth
linl

Alluvial Excellent Silt and Clay loamr 12

Agassiz 0.r0 - 0.r2 Poor Gravelly loam ro

Bradshaw 0.07 - 0.10 Poor Gravelly/cobbly silt loam 20

Daybell 0.09 - 0.10 Fair Gravelly silt loam r2

Fitzgerald 0.06 - 0.08 Fair Gravelly loam r8

Gappmayer 0.08 - 0.r0 Poor Very gravelly sih loam 20

Wallsburg 0.05 - 0.10 Unsuitable Cobbly silt loam 0

According to the report, the field capacity samples were collected after permeability testing was

completed and the surface water had drained away. Typically, field capacity is defined as the water

content remaining in the soil two to throe days after a thorough irrigation. Soil permeability was

determined using the ring-infiltrometer method. Compacted surface dump samples had hydraulic

conductivity valuss in dre range of 10{ to 10a cm/sec while the hydraulic conduaivities of t'te loose

dump samples wers typicalty greater than ld cm/sec.

Based on the descriptions provided by HBT AGRA Limited (1 9941, h was concluded $at defauh

HELp soil I is probably most representative of subsoils which will exist in the upper levels of the wasta

dumps after surface preparation for vegetation seeding. This soil is described as a coarsa sand and

has a low water holding capacity and a high permeability. lt is also considered appropriate as subsoil

for the naturat soils based on the descriptions provided by JBR Consulting Group (19931. Because

imported topsoils or organically amended waste rock derived soils are sxpected to have more available

water than HELP soil 1 {organic matter and improved soil structure are expected to enhance t'te water

holding capacityl, default HELP soil 6 was used for the rooting zone layer of the soil covers. Selected

modeling runs were also performed using default HELP soil 9. considered similar to t're alluvial soil

reported by the JBR Consuhing Group (1993t on the basis of texture, as the rooting zone layer.

The two HELP banier soils, 16 and 17, were also utilized in the modeling study to evaluate the

effect of including a banier layer within the cover design. Soil parameters for tha defauh HELP soils

selected for the modeling study are summarized in Table 6. Key parameters used in the HELP modeling

exercises are summarized h Table 7.



TABLE 5
SUMMARY OF WASTE DUMP DATA (AGRA, 1994I

Sample
ID Deacription

Density
{rb/fcl

Moisture Content

Void
Ratio

Saturated
Hydraulic

Conductivity
lcm/gecl

Saturation
at Field

Capacity
{%l Porority

Volumotric
Field

CapaciW
Initial
(%t

Fleld
Capacity

(%l

6500-A Trench et 15' 138.6 10.5 17.1 o.27 1.3 x 1O{ 163 o.2r3

6500-B Trench at 1O' 139.5 7.2 o.22 2.2 x lOa o.r80

0500-c Trench at 8' r36.4 6.5 8.9 o.25 1.0 x 1O{ 92.6 0.200 o.r 85

ESOGD Trench at 0' 131.5 4.2 9.1 o.27 2.O x 1O{ 87.5 0.2r3 0.t 86

65OG,E Surfrce-Compacted 133.0 5.0 0.26 0.200

OSOGF Surface-Loose 114.1 5.8 9.6 0.48 td 51.1 o.324 0.160

0500€ Surfrce-Loore 120.0 4.1 7.1 o.38 > 10{ 48 o.275 0.r32

SBCS.A Surface-Compacted 1r3.6 6.0 r6.2 0.31 117 o.237

sBcs-B Surface-Compactod r20.8 9.9 r4.3 o.27 7.4 x 1O' 1r8 0.213

sBcs-c Surface-Loose 81.8 7.8 14.0 0.85 fd 36.8 0.459 0.r 69

sBcs-o Surface-Semi Compacted 97.4 9.4 o.57 3.4 x lOr o.363

Notcr: fd. conductlvity was listed as free dralning. Poroslty celculated baged on vold ratlo: n - e/l +o. Volumetric field capscitY
celctletcd based on saturatlon at field capacity and pororityi 0r - (Sr.(%l'nl/lO0.
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TABLE 6
SUMMARY OF SELECTED HELP MODEL SOILS

Liner Soil
0.400
0.356
0.290

1.0 x 10il

Uner Soil
0./t{}0
0.366
0.280

1.0 x 1O7

siL
0.501
0.284
0.r 35

1.9 x l0'

CoS
0.417
0.045
0.018

1.0 x 10't

USDA Description
Porosity (vol/voll

Field Capactty (vol/voll
Wlting Point (vol/voll
Saturated Hydraulic

Conductivity (cm/secl

TABLE 7

SUMMARY OF KEY PARAMETERS USED IN I.IELP MODELING

Climatic data

Evaporative Zone Depth

Vegetative Cover Type

Maximum Leaf Area Index

Growing Season Surt

Growing Season End

Growing Soason Lengdt

Month TemPerature
{'F)

Jan 28.6
Feb 34.t
Mar 4O.7

49.2
58.8
68.3
77.5

Defauh Adiusted
Precipitation PreciPitation

(inchesl linchesl
1.42 1.O7

1.09 0.95

synthetic precipitation, temperature and radiation data generated

by HELF model based on coefficisnts for Salt Lake City;

for sensitivity, precipitation adiusted upward by about

1O%; monthly average values of temperature and

precipitation used in simulations are listed below:

Apr
May
Jun
Jul
Aug
sep
Oct
Nov
Dec
Annual

1.46
1.88
1.14

74.9 0.93
65.0 1.14

30.3
5r.7

r.o4 0.61
0.99 1.65

1.27
r.96

1.80
1.29
r.55

53.0 0.95 1.38
39.7 1.21 1.81

1.43 1.27
14.68 16.61

24 inches

'Poor Grass' (as defined by HELP modell

1.0 {Recommended value for 'poor 96ss'; maximum oxpoctod

for Salt take Citv is t.6O without inigationl

May I

Oc,tobor 11

16ll dayf
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3.0 RESULTS

As discussed in ths introduction, tlYo typ€s Of COver systems wsre svaluated for dte Bamey!

Canyon Mine. A cov€r systsm which relies on ovapotranspiration rather than barrier layers to minimizo

infiltration is considered appropriate for the oxide waste dumps. For the sulfide wast6 roch banier

layers were considered since tho potsntial for environmental impact due to infiltration is somewhat

larger. The results of the HELP modeling for each covsr conceptualization is provided in the followino

subsections. The modeling performed with UNSAT2 to verify the results obtained with the HELP model

is presented in the third subsection-

3.1 Oxidc Wastc Covs SYstem

The current reclamation plan for fre waste dumps is to placs about | 2 inches of topsoil over

the waste rock and revsgetate the surface. This tentative design was taken as Oxide Scenario I and'

for modeling purposes, was assumed to consist of 12 inches of HELP soil 6 and 12 inches of HELP

soil l. Based on the twenty year synthetic weattrer record, the HELP model predicts $at the

percolation losses through such a cover is about 0.7 inch per year' To demonstrate the effects of

increased watgr hotding capacity, oxide Scenario 2 consisting of t 2 inches of HELP soil 9 (alluvial soil)

and l2inches of HELp soil I was modelad. The predicted percolation toss through this cover is about

0.5 inch per Year.

Test plot studies currendy underway at t'l€ site inctude wasto rock amended with 10 tons of

sewago sludge per acre. The sludge was mixed into the upper six inches of fie soil so trat dte organic

contsnt of the soil was increased by 0.5 psrcent or mor6. Although it is likely t'rat a greatsr actual

depth of well structured soil will be obtained after rsctamation (through a combination of organic

matter amendment, tillage practices during reclamation, and ongoing plant growthl, a worst.case

anatysis was performed as Oxide Scenario 3. To model Oxide Scenario 3, a cover consisting of 6

inches of HELp soit 6 and t g inches of HELP soil 1 was evatuated. The prediaed percolation loss ftom

the cover was estimated to be about l.t inch p€r ysar for the 20 veat synthetic weather data'

As implied by comparison of results for Oxide Scenarios 1 and 2, maximizing the water holding

capacity of the soil is probably the best way to reduce percolation through the root zone' oxide

Scenario 4, in which it was assumed that addition of organic matter and tillage could be utilized to

obtain an amended wast€ rock ptant orowtlr media over the entire evaporative zone depth, was also

evaluated. For modeling purposes, this cover consisted of a singte, 24 inch layer of HELP soil 6'

Predi6ed percolation was reduced to about 0.4 ioch p€r yoar for this case'

The effect of higher annual precipitation was evaluated as Oxide Scenatio 5 by increasirq the

precipitation from 14.7 inches to 16.6 inches labout 10%l with a distribution similar to trat observed

at tlo Bingham Geolory station and running the model for the same cover systom as deircnibed for

12
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TABTE 8
SUMMARY OF HELP MODELTED OXIDE COVER ALTERNATIVES

Oxide Scenario I 2 3 4 5

Cover Condition
Evaporative Depth {inl

SCS Curve Number

Poor Grass
24
80

Poor Grass
24
87

Poor Grass
24
80

Poor Grass
24
80

Poor Grass
24
80

Layer 1 l2in soilf6 12in soilt9 6in soil#6 24in soilf6 2ttin soillO

Layar 2 12in soilll l2in soiltl l Sin soil#l N/A N/A

Precipitation (in/yrl
Runoff (in/yrl

ET (infurl
A storage fin/yrl
Percolation (in/yr)

Paak Daily Perc (inl

14.68
0.006
13.919
0.050
o.7022
0.5r 55

14.68
0.062
13.989
0.054

0.5716
0.5425

14.68
0.005
r3.520
0.039
1.1144
0.6991

14.68
0.006
14.200
0.074
0.3951
0.1896

r6.62
o.022
r6.090
0.039
0,46/t4
0.1r75

Oxide Scenario 4 in the previous paragraph. The predicted percolation under thesa conditions is

estimated to be about 0.46 inch per year or just slightly mors than the 0.4 inch prediaed with the

original precipitation data. Model results obtained for the various covsr systems considered most likely

to exist on completion of reclamation are summarized in Table 8.

Several computer runs wer6 performed to svaluate the sensitivity of dre modd to various

parameters. In general, Sre resurts indicate that a deep percolation rate of less than 2 irrches can be

expected even under the worst of conditions-t'rat is, for a soil with a low water holding capacity

(HELP soil I l. Review of the daily output for selected runs indicates frat percolation losses are most

likely to occur in the winter and early spring when water ftom snowmelt is readily available and

evaporative demands are lowest. For example, the daily record for the cover design consisting of 24

inches of HELp soil 6 indicates that deep percolation events occur in only four of the twenty years

evaluated. For three of the evenu;, recharge began in February and persisted until mid'July' The

fourth recharge event began in April and persistad until mid-July. These observations reinforce dre

conctusion that maximizing tha storage capacity of the root zon€ layer is critical in minimizing the

amount of deep percolation loss from dte cover.

3.2 Sulfide Wastt Govc SYstam

Although the conceptual cover designs for the oxide waste dumps indicate fiat vegretation is

retatively effective in minimizing deop percolation, the possibility of further reducing percolation hto

sulfide wast€ rock was investigated. Based on results of tha oxide cover anavses, it is fikely $at a

low permeability lbanisrl tayer will b€ neo*sary to achievo dris gbal. Results of the oxide cover
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analysEs indicate that percolation rates of an inch p€r y6ar or less are likely without the addition of a

barrier layer. Therefore, the permeabilitV of the cover will need to be less than an inch per year

(approximately I O, cm/sec) to be effec'tive. Results of tha analyses of conceptuaf sulfide waste covsr

system designs are summarized in Table 9.

The initialcoverevaluated with the HELPmodel (Sulfide Scenario llconsisted of 12 inchesof

topsoil/amended waste rock (HELP soil 6f, 3O inches of subsoil (HELP soil 1l and a banier hyer

consisting of I 2 inches of clay with a permeability of t 0't cm/sec THELP soil 16l. fur this scanario,

the subsoil tayer was not specified as a lateral drainage layer. The predicted deep percolation of about

0.7 inch p€r year is the same as predicted for a similar cover without tho barrier layer which confirms

that little benefit is gained by incorporating a 10't cm/sec layer in the cover. In Sulfide Scanario 2, the

subsoif layer was specified as a lateral drainage layer with a drainage slope of 2lo ovee 300 feet. The

resulting deep percolation was reduced to about 0.4 inch per year. This comparison demonstrates t'te

need to include lateral drainage layers in the cover design. By increasing the slope of the drainage layer

to l0% (Sulfide Scenario 3), !}io predictad percolation rats was reduced to 0.2 inch peryear.

The next series of modeling runs were performed with similar covor designs but $e

permeability of the banier layer was decreased to 1O{ cm/sec (HELP soil 1 71. For designs consisting

of 12 inches of HELP soil 6 and 30 inches of HELP soil 1 configured as a drainage layer, the model

predicts percolation rates of abour 0.09 inches for barrier thicknesses of t 2 inches lSulfide Scenario 4l

or 9 inchas (Sulfide Scenario 51. In fact, reducing the barrier layer frickn€ss to 3 inches (Sulfide

Scenario 6l resulted in a percolation estimate of 0.11 inch per year. These results demonstrate t'ta

the barrier layer does not need to be thick to be effective if water which percolates past d|s root zono

can be drained from the top of the banier layer. Increasing the slope of the lateral drainage layer to

lO% (Sulfide Scenario 7l resulted in a predicted percolation rate of about O.OC inch per year. For

Sulfide Scenario 8, the thickness of dre lateral drainage layer was reduced to 12 inches, which in

effect extends the evaporative zone to the top of tha banier layer, resulted in a prediaed percolation

rate of 0.03 inch per year. Sulfide Scenario 9, the final cover evaluated for the sulfide wasts

repository, consis6 of | 2 inches of HELP soil 9 {alluviat soill, 24 inches of HELP soil 1 (sandy subsoilf

defined as a lateral drainage layer, and 3 inches of HELP soil 17 (barrier layer). The predic-ted

percolation rate for this scenario is also 0.03 inch per ysar.

UNSAT2 Vcrifcaion

ln an effort to determino if timitations of the HELP model have any effect on the predlaed

percolation rates, dre UNSAT2 model was used. Becausa of the difficulty in ssttinO up the UNSAT2

modef for simulations over a20 year ponod, h was applied only for a relatively short time period when

conditions favoring the doveloprnent of capillary baniers are most likely. For comparison purposos' dro

t4

3.3
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TABLE 9

SUMMARYoFHELPMoDELLEDSULF|DEcovEnALTERNAT|VESrll

Sultidc Sccnarlo 1 2 3 4 6 6 7 8 9

Covcr Conditlon
Evep. Dcpth llnl

SCS Cwvc Nunber

Poor Gragr
24
80

Poor Grass
24
80

Poor Grast
24
80

Poor Grass
24
80

Poor Grass
24
80

Poor Grelr
24
80

Poor Greg
24
80

Poor Grera
24
80

Poor Grur
24
87

Lrycr 1 12ln J6 12lnt6 12in t6 12ln 16 12ln f O 12ln 16 12in J6 12ln 16 12ln f9

trycr 2
Dnh Slopc (961

Drdn Langldt (ft!

3Oin tl
N/A
N/A

3Oln 11
2

300

3oln 11
to

300

3oln tl
2

300

3Oln tl
2

300

3On ll
2

300

30ln ll
to

300

l2ln fl
ro

300

24an rl
lo

300

Lrycr 3 12in Jl6 12ln Jl6 l2ln 116 l2ln t17 9ln 117 3ln Jl7 3in tl7 3ln fl7 3ln fl7

PrcdCtrdon 0n/yrl
Rrnoft 0n Wl

ET llnt)'rl
Dnlneec {ln/yrl
A rtongp llnlyrl
Fcrcoletlon 0dyrl

Pcrk Delly Fcrc (lnl

14.68
o.o06
13.9r 9

N/A
o.060
o.7022
o.oo58

14.68
0.006
13.919
o.3124
0.o50

o.3988
o.oo50

14.68
o.oo6
13.9r9
o.50ro
o.o60
o.2012
o.oo44

r4.68
0.006
13.919
0.6r 73
o.o60
o.o861
o.0006

14.68
o.006
13.919
0.6149
0.o50
0.o874
o.ooo6

14.68
o.006
r3.919
o.5969
o.o51

o.1056
o.ooro

14.68
o.006
r3.919
o.6696
o.o5r
o.0428
o.ooo7

14.68
o.006
13.9r 2
o.6758
o.o51
o.0337
o.ooo8

1'1.68
o.062
r3.989
O.6tll tl
o.o54
o.o306
o.o@7
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cover dssign selected for evaluation consisted of 24 inches of amended wasto rock IHELP soil 6l

unde1ain bv 24 inches of sandy subsoil fiELP soit 11. The model was run for a 3l day period

beginning on January 22 ol the fifteenth year.

According to the HELP model ouput, the period selected for UNSAT2 verification modeling

represents the peak percolation rate during the 20 year simulation period. The initial date solected was

about l0 days prior to initiation of deep percolation according to the HELP daily output. S<il hydraulic

properties utilized in the UNSAT2 modeling were similar to dlose used in the HELP modding:

Porosity
Residual Water Content
Pore-size Distribution Index
Bubbling Pressure Head, cm
Saturated Hydraulic Conductivity, cm/sec

Toosoil
0.453
0.031
0.3001

12.58
t.3 x t0'

Subsol
0.457
o.or9
0.8715

13.45
1.0 x 10r

Topsoit initial conditions for the UNSAT2 model were basad on water contsnts computed by the HELP

model at the End of tha previous day. A comparison of the initial conditions for dre nro models is

provided on Figure l. As shown, water contents of about 0.32 occurred from the sclil surface to a

depth of about l S inches below which the soil becomes drier and reaches tha witting point water

content of O.08S at the bottom of the root zons. In the subsoil, the initial watsr content was s€t at

about field capacity, O.O4S, which is about the water content which would exist for downward fiow

under a unit gradient and a percolation rate of 0.40 inch/year'

One-dimensional venical flow was considered with the UNSAT2 model so drat hteral migration

of moisture was pravented. The finits element mesh consisted of 276 nodes and 137 dements with

the maximum distance between nodat points limited to 1 cm and the minimum distanca (at the soil

surface and the interfaca between the nro soilsl was set to 0.1 cm. An infiltration/evaporation

boundary was applied to the surface of the soil column and impermeable boundaries wera applied along

all other boundaries of the soil column. Due to the fact that the analysis period occurs prior to

initiation of the growing season, h was not necessary to invoko tho root uptake option of UNSAT2.

Because wat6r could not leave the flow region, percolation tosses wsre computOd by calculating the

change in water stored in the subsoilat the end of each day'

To be consistent. precipitation amounts were taken from the daily outputfrom the HELP model.

According to the HELp daily ou@ut, runoff occurred only on one day during dre drndation potiod

(0.066 inch on February Sl so that the precipitation depth for that date was taken as tho difference

in precipitation (1 .12 inchl and runoff. The UNSAT2 model requires that the duration of each event

be known so a storrn duration of four hours was sslected for all ovonts sxcopt the February 5 event
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which was assumed to last t 2 hours. This approach ensured a rainfall intensity of less than thc

saturated hydraulic conductivity of the topsoil which ensured that all precipitation would infiltrat€ imo

the soil covsr.

The evaporative potential at the soil surface was sstimated by computing potential evaporadon

with ths Jensen-Haise (19631 method based on climate data for Sah lake Clty. The result was dividsd

by 0.7 to convert it to pan ovaporation which is appropriata as an estimate of the avaporative potential

at the soil surfaca. The soil evaporative potential for January and February were sstimated to be about

o.o47 inch/day and 0.062 inch/day, respectively. within each mondr, tfrg soil evaporative poteotial

was held constant on dry days. On days when the precipitation depth exceeded 0.01 inch, $o soil

evaporative potential was reduced by a factor of two.

The computations wera performed with a minimum time step of about 0.1 second, a maximum

time step of I hour, and a time step multiplier of 1.3. A total of 1161 time steps wero required to

complete the 31 day simulation. The total infiltration into the soil profile during tho simulation was

2.06 inches (same as for the HELP modell while toul soil evaporation was 3.51 inches wttich

compares reasonably well wit'r the HELP total of 3.74 inches. Total water stored in the root zolro at

the end of the simulation was 5.93 inches compared to 6.03 inches for the HELP model. Percolabn

as a function of time for the two models is compared on Figure 2. The HELP model predicted O|at

percolation would begin on about February I ll 1 days! while UNSAT2 predicted that percolation wottld

not begin until the lsth day (February 51. As Figure 2 demonstrates, the UNSAT2 peak percolAion

of about 0.04 inch/day occuned slightly before the HELP peak percolation of about 0.07 incfi. The

total percolation according to tre UNSAT2 model was about 0.38 inch while the HELP model predicted

a percotation of about 0.62 inch during the same period. lt should be noted, however, that the slope

of the percolation versus time curve for UNSAT2 is not as steep as that for the HELP model'

Therefore, ths totat percolation volumes would tend to become closer in value if tha UNSAT2

simufation wera carried out over a longer time period. Nonetheless, it would appear that the HELP

modet does slightlv overprdict percolation /osses as concludd by othet researchers.
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4.0 RECOMMENDANONS

Based on the modeling performed during this study, recommended desi0ns for cover systems

for the two typ€s of waste rock have been developed. The concepnlal designs for each cover system

are described in the following subsection. A limited risk assessment regardino tha stability of the cover

systems is provided in the third subsection and discussion regarding m€thods which may be used to

verify percolation in wasto dumps is provided in the fourth subsection'

4.1 Oxide Waste DumP Covr Design

For the oxide waste dumps, it is conctuded that an adequats cover system can be developed

throuoh rev€gotation of the reclaimed surface of the wasto piles. Based on the tost plot studies being

performed at Barn€ys canyon, it appears that an adequate plant growth media can be developed by

amending g'ie waste rock material with sowage sludge or other organic material. lt is recommended

that the upger 24 inches of the dump be amended with organic rich material to enhance the structt'rs

and water holding capacity of the soil. once vegetation is established, natural processes are expected

to continue to increase the organic matter cont€nt in the soil until equilibrium conditions ars achieved'

It is estimated that the deep percolation rate for these covers will be less than an inch per year with

0.4 inch per year representing the most probable average value.

4.2 Sulfido Wastc Dumg Cover Desigtr

lf very tow percolation rates are desired (on the order of 0.1 inch peryear or lessl, the base

of the cover system should consist of a banier layer to inhibit seepage from fte waste. Although the

modeling indicates that three inches of clay with a permeability of 10r cm/sec is essentially as

effective as one foot of clay, it is probably quite difficult to construct such a thin barrier layer and

snsure its quatity. Therefore, it is recommended that the barrier layer be constntcted in two lifts with

thicknesses of four to five inches. while it would increase the confidence in the banier layer to

compact both lifts to specification for a permeabitity of t O{ cm/sec, an adequate banier layer could

be obtained by compacting ons lift to a permeability of 10-t cm/sec and one lift to a permeability of

lO. cm/sec. Alternatively, an artilicial barrier layer (e.g. flexible membrane linerl could be employed

as long as the permeability of lO' cm/sec (or lessl can be achieved.

The surface of the barrier should be sloped at 10% or greater to facilitate drainage of water

which may build up above the barrier layer. A coarse sand layer about | 2 inches thick should be

placed above the banier layer to promoto lateral drainage. A filter blanket should be designed and

placed above the laterat drainaoe layer to minimize migration of fine grained soil materials into the

drainage layer. The final design of the filter blanket should be based on gradaim of the drainage layer

and the plant grourth media which forms the uppermost layor of the covdr. The sulfide material

20
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repositorv should be designed to allow drainage from the sand layer to be discharged off tts cover et

its edges. The longest distance from the center of the wasto pile to fre discharge location shot ld

ideally be less than 500 feet.

Although the modeling rasults indicate that inclusion of lateral drainage and banier layers h the

cover system will be effective in reducing percolation into the waste rock, a viable vegetativs cover

is considEred an important component of the cover. To this end, it is recommended that topsclil similar

to the alluvial material availabte on site be placed to a total drickness of 24 inches as dte upperrrlost

layer of the cover system. Although it is not essential $at actual alluvial soil be used, tho sel€cted

topsoil should have water retention charaaeristics that are similar to drose of the alluvial matsrid (h

ggneral, less sand and more sih and clay than in the wasto rockl to maximha water available for dant

use. Management practices la.g. incorporation of additional organic manerl which are considered

necessary ro assurs rapid initiation of plant growth and long-term success of a viable plant conrnunity

on the reclaimed surface should be implemented. lt is believed that a cover constructed in dtis manner

will limit percolation into the sulfide wasts material to less than 0.1 inch per year.

4.3 Risk Evalustion

The predictions of infiltration and deep percolation for the cover designs assuma that water will

not bs allowed to pond on the surface of the reclaimed wasts dumps. To ensure that ponding does

not occur, the rectamation surface should be graded in a manner to prornote runoff. Over the long'

term, sattlement and erosion have the potentialto change grades leading to ponded water which would

increase the amount of urator percolating through the dump'

Based on discussions with Barneys Canyon Mine personnel, fie waste dumps terd to

consolidate reasonably well during construction and subsequent settlement is expected to b€ minimal'

Care should be exercised when regrading the dumps during reclamation to ensure trrat fill matethfs aro

placed in such a manner that will minimize subsequent settlement that could lead to the formation of

low spots or flat grades. possible measures which could be utilized to ensure minimal setdement

inctuds compacting regraded material to achieve an in place density that is similar to the denstty of

existing wast6 dumps or designing the top slope to be sufficiently steep that positive drainage will be

maintained as the regraded wasts consolidates.

The surface of reclaimed waste dumps should be graded to force runoff to occur as sheet ffow

over the entire surface. The final cover should be free of depressions, swales or other features tu|t

could lead to concentration of flow and subsequent erosion of the waste dtrmp cover. tf h is not

possible to maintain uniform slopgs, provisions for control of concentrated f,ow should be invoked-

In such cases, it will be n€csssary to estimate peak flows and design erosionally stable dversion

channels for those flows. Becauso these will probabty need riprap protectiotl, every effort shouH be

2l
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made to eliminate tho noed for such structures becauso the riprap will act as a mulch s+tich will inhltlit

evaporation.

While construction activities, such as those described above, can be developod to snsuro fiat

the reclamation covers are built so as to minimize tho potontial for pondino, an inspection program

should be initiated to identify potential problems during the first few years following completion of

rectamation. Inspections should initially be performed on a monthly basis for ore first year. After that

the frequency can be reduced to about oncs psr quartor and after major precipitation ovonti over dte

ne)ct two years. Appropriata repairs should be implemented as needed to minimizo dre potential for

ponding of water on the reclaimed surface.

4.4 Verffication of Pcrformacc

one of the secondary obiectives of this study was to develop a method by which the

prediaions of deep percolation through the waste dumps could be verified. A direct measurement of

the percolation is considered the ideal way to verify model results. Unfortunately, such measuromengl

are difficult, particularly in arid environments where the deep percolation component is small' Methods

considered for the Bameys Canyon waste dumps are pressnted in the following paragraphs.

Originaily, it was believed that a bucket lysimeter could be installed within t'te waste dump as

it was constructed. This device basicatly consists of a trough in which downward percolating water

is captured. The base of the uough is sloped to an outlet which drains to a collection iar (the bucketl.

The volume of water in tha jar is measured periodically and the percolation rate is computed by dividing

the volume by the area of t're trough. The sides of the trough must extend a sufficient distanco above

the base to ensure that the device does not cause convergence or divergence of flow ftrouoh dre pile.

Although such a device could be designed and implemented, the length of time nocossary to

evaluate performance would be long and the potential for obtaining false data is considered hioh. For

a trough with a size of 1O feet by 10 feet, a total of about 8.3 cubic feet of watsrwould becaptured

during ayear if the percolation rate is I inch per year. Water witl not flow from the device until the

soil near the base becomes saturated (that is, after a perched water table is developedl. The len0rth

of time for soil moisture within the device to come to equilibrium is difficult to predict. However,

based on results of the HELp modeling, linle or no deep percolation may occurin dry years. In the

event that dry weather prevails after installation of the device, it could be several yearc until

equilibrium conditions are achieved. On the other hand, if wet conditions prevail and the wase rock

is placed at moisture contents t'rat are higher dran the equilibrium moisture content f|e drainags cottH

make it appear that the percolation ratas aro groater than fiey actually are. For tfiese reasons, data

would need to be collectad for a considerabfe number of years (20 or morel to haw snough dau to

statisticaly quantify ttre percolation fieto. lt would also be necassary to collect deaihd wearhsr daa

22
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during this time to allow the percolation rate to be compared to precipiution' Givsn theso

considerations, tho bucket lysimeter does not appsar to be a practical method for verifrcation of

predicted percolation rates over the short-term. How€v€r, bucket lysimeters could be installed to

provide an indication as to whether the percolation predictions are reasonably cofroc,t or consideraW

in error. Data obtained should be carefully evaluated in an effort to ensure that t're inherem limitationc

of the device have not unduly influenced the results'

Bscause the percolation rates are oxpected to bo small' traditional methods le'g' tensiometerc

or neutron probesl of estimating moistura content and computing flux probabry will not worlc Fq

conditions of steady downward flow under a unh gradient, low flux rates ars synonymou{t with high

capillary pressuros. The capillary pressures that typically exist exceed the bubbling pressuro of csramb

tensiometsr cups causing frem to desaturato so drat measurement of the capillary pressurs in the soil

is not possible. For tensiom6ters to be effective in estimating flux, the hydraulic properties of tha soil

in contact with the cug must be known. Because these may change over time, it may not b€ possible

to estimate flux sven if measuring capillary prossure was possible. Estimating moistura content widr

th€ neutron m€thod is fraught with difficulties (changing hydraulic propertigs, instrum€nt calibration,

etc.) so this method is not considered a realistic alternative for verification at Bameys canyon'

It is possible that an indirect method of validating the model can be utilizad. The recharge rate

in natural materials in the vicinity of the waste dump areas could be determined with the chloride mass

balance method described by Allison and Huohes {t 9781. Soil cores would have to be colleaed and

the chloride concentration determined through laboratory analyses. In addition, the hydraulic properties

required by the HELp model (porosity, field capacity, wilting point and hydraulic conductivityl would

need to be determined for the soils within the root zone. The HELP model would then be appliod to

the natural system and the predicted percolation compared with tha recharga computed wi$ t}3

chloride mass batance. This would provide a factor which could then be applied to HELP model resulttl

for the reclamation covers. Unfortr.lnately, this approach to verification also has limitations' The most

sever€ is associated with the need to accuratety determine the chloride content of precipiution' while

maps which depia preciphation chloride content as a function of distance from the ocean (the chlorftle

sourcel have been published, it would be necessary to collect additional site specific data, particularly

in view of local weather patterns and the potential effects of the Great Salt Lake. Monitoring would

have to be conducted over several y€ars to onsuro that true average values are obtained' Because

surface runoff is probably an important component of the overall water balance, it would also be

necessary to determine runoff volume and chloride content for use in the chloride mass balancc. Given

the long time frame required for data collection and potential inaccuracies in measuring some of t'to

components (a.g. runoff volumsl, t'ris method is unlikely to be any better than usino $e hrckot

lysimeter' approach descnbed previously'
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APPS{DIX

DESCRTMONS OF MODELS UTTUZED

A.1 IIELP ModC

The HELp (Hydrologic lvaluation of landfill lerformancel model was developod to facilitate

rapid evaluation of various landfill designs in a variety of climatologic and hydrolooic rogfun6. h was

developed primarily to allow designars to comparo fie performance of altemative landfi[ cover designs

and not for use in developing predictions of the quantity of water moving through a partic-uhr cover

design. while not originally intendsd as a medrod for quantifying dre amount of percolatinn through

a composits covsr system, results reportad by Stephens and Coons (19941 suggest$atthe model

provides reasonable estimates of recharge. The first version of the HELP model was released in 1984

{schroeder, €t al. lg84a and 1984b}. The model utilized in trris study isVersion 2.O5 which was

released in late 1988 and is described in detail by Schroeder, et al' (1989)'

To evatuate composite cover designs, the HELP model performs a watsr balance on t'te cover'

The model uses daily climatologic data consisring of precipitation, temperature and solar radiation to

predict th8 amount of runoff, svapotranspiration, lateral drainage, deep percolation and change in soil

moisture storags within the cover which occurs during the day. The runoff submodel is based on the

welt-known curve number method developed by the U.S. Soil Conservation Servba (SCSI bst uses

computed soil moisturo contents to adiust dre curve number according to antecedefit moisture

conditions (the curve number is increased for wet conditions and decreased for dry condfionsl.

Evaporation from the soil surface and transpiration from plants are modded using empirhal mefiods

that estimate the potential svapotranspiration for each day based on dte dimatic data' The

evapotranspiration submodel includes a vegetative growth model which computes daily values of the

leaf-area index based on a maximum value, daily temperature and solar radiation data, mean monthly

temperatures and the beginning and ending dates of the growing season. Lateral drainage is

approximated as steady flow toward parallel drains assumed to exist at the edge of the landfill' Deep

percolation, W, is computed as the residual of precipitation after accounting for t're above described

losses:

W-P-A'L-Er-AS tll

where p is precipitation, O is runoff, L is lateral drainage, E is evapotranspiration and AS represents

tha change in soil moistgre storage. Wtrin the cover, vertical mov€msnt of water is bassd on the

Brooks-Coroy 11 9641 equations.

One of tho factors drat makes the HELP model yery sasy to utilize is trat it contains a relativaly

large data base of climatologic information. Included in the ctimatologic data baso ars co€fllcion6 used
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to generate a synthetic temperature and solar radiation data set for 184 cities located drroughost tio

United States. Default ovaporative depths for the various crop covsrs considered by HELP Oarc

ground, poor grass, fair grass, and excellent grassl are included in the data base' The HELP cfirnatic

data base also includes coefficients for 139 cities which can be used to generato a synthetic datly

precipitation record. Default five year { 1 g74 through 1 9781 historical data sots are also availablo for

102 U.S. Cities. In lieu of utilizing the syndretic or default HELP climatolooic deta, dle us€r can utifize

a historic data sat or data from a diflerent weather gonsrator provided tha dre data are fonnattsd

according to HELP requirements.

The HELp prooram also contains default soil characteristics categorized by soil tsxtural dass'

The required soil charaaeristics ars porosity, field capacity, wihing point and saturatsd hydnulic

conductivity. The program contains these parameters for 15 soil textures lranging from coarse sand

to clayl, 2 barrier soils (claysl, and municipal wasts. The defauh values for porosity were tilkon as the

means from a data set consisting of 5,350 horizons of 1,323 soits from 32 states while the defauh

values for saturated hydraulic conductivity are mean values for a 'large data set" Because wihinO

point and field capacity aro not widely reported in the literature, the defauh values were obtained in

an indirect manner. The data set utilized for the porosity computations was used to calculate the maan

values of the Brooks-Corey parameters-bubbling pressure (defined as the capillary pressuro at which

the air phase becomes continuous in a porous mediuml, pore size distribution index la measuro of the

uniformity of pore sizesl, and residual water content (the water content at which liquid water

movsment ceasesl-for each textural soilctass. For each textural class, field capacity and wihing point

wer€ then computed with the Brooks'Corey equation:

o - tn - estffi . e, t2l

where g is moisturs content, n represents the saturated soil water content (porosityl' f. is fie bubbling

pressur€, ry is soil capillary pressure,l represen6 the pore size distribution index and 0, is the residual

water content. To obtain the field capacity, 0r, the capillary pressuro, 9, was sgt to 1F bar while to

obtain the wilting point, 0-, the capillary pressuro, I' was sst to 15 bars' The resulting wilting point

water contents were used along with the mean residual watgr contents for each'soil texnrral class to

develop a regression equation relating the residual water content to the wilting point:

0, - O'2530t + O'014 (31

where Q is the residual water contont and 4 is fie water content at field capacity.

As input, the user can specify defauh soils in which case dte model ssfeas tre porosW, field

capacity, wiltino point and $turatsd hydraulir: conductivw according to dre bxt'rral class selested'
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Altematively, the user can specify these four param€ters. In either svsnt, the program dten computer

the residual water content with Equation 3. The bubbling prsssure and pore size distribution index are

computed by simultaneousty solving the WYo equations obtained for Equation 2 by first seting 0 to 0'

and y to t /3 bar and then by setting 0 to 0- and v to 15 bars. The pore size disuibution index is

utilized to compute the Darcy flux, q, in the soil cover with th6 following equation:

Q - K.l le - e) rt'u
T;:ej'

whers ( represents the saturated hydraulic conductivity and othsr symbols are as defined previously'

This equation assum€s a hydraulic aradient of unity. The bubbling pressurs, which is not allowed to

exceed 1 /10 bar (103.34 cm of waterl. is used onty to computs the hydraulic conduaivity at t /10 bar

which is used in turn to compute the evaporation coefficient. The evaporation coefficient indicates

the ease with which water can bs drawn upward through the soil and is a funcdon of the hydraulic

conductivity at 1/10 bar. According to Ritchie l1g72l, the evaporation coefficient has a minimum of

3.3 mm/dayo'' and a maximum of 5.1 mm/dayo'r and the program does not allow values outside this

range. lt should be noted that the evaporativs coefficient is an empirically derived param€ter which

accounts for the fact trat cumulative ovaporation from a soil surfaca increases as a function of $e

square root of time (dtus, coefficient units of mm/dayo'rl

Design data required by the model includes the number of layers in tfie cover and, for each

layer consid€red, a layer type, layer thickness, and soil texture (for default soils or soil parameters input

by the userl. The model allows four types of layers:

1. yertical percolation Laver: a layer of moderats to high permeability wi$out

drainag6 co[ection systelns; only vertical percolation in response to unh

gradient conditions is attowed in such tayers {no }rteral moisture migrationl;

typically, the plant root zone is considered a vertical percolation layer.

Z. Lateral Drainaoe Laver: a layer of moderate to hioh permeability permining

htefii-lffiago to conoction systems or perimeter drains; both vertical unit

gradient se"p"ge and lateral quasi-steady state saturated mioration are

considered; only allowed above a barrier layer'

3. Barrier Soil Uner: a layer of material designed to inhibit percolation; typically

n,r"Efr..UitW (clayl soils; banier layers are not allowed adiacent to one

anothof

4. Barrier Soil uner with a Flexible Membrang Linen a composha banier hyer

consisting of a soil liner with a membrane liner

Up to 12 separate layers can bo specified for a cover design- when a htard drainage layer ir

specified, the distance to fio drain must be specified atong with fie cover slope in pefceot' The initid

t4t
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water contsnt of each layer can also be specified by drc user or it can be computed by th€ grogram'

Similarly, 61e user can specify the SCS curve numb€r ot tho prografn will compute it based on the soil

pararnetsrs which are specified by the user.

Daily, monthly and/or summary output can be requested by the HELP user. Daily output

includes depths of precipitation, runoff and evapotranspiration and tha avsrags moisture contsnt within

t're evaporative zone. Percolation depth t'rrough each barrier layer or the bass of trre cover is also

output. lf lateral drainage layers are specified, t'te depdr of water drained from the cover ig imluded

in the daily output. Monthly output consists of the monthly depths of precipiotion, runoff,

evapotranspiration, percolation through banier layers and/or the base of the cover, and lateral drainage

fromthecap|ifa|atera|drainage|ayerisspecifiedl.Theaverageheadbuitdupwithinthehtera|

drainage layer is included in the monthly output. Summary output consists of dre averaOs mOnthly

data as well as average daily values for each of the wat€r budget parametsrs' Peak daily values of

each paramster are also provided in the sumrnary output'

white the HELp model is a useful tool in evaluating landfill performance, it also has a few

limitations which shoutd be noted. Because h is essentiatly a water batance model, computations are

based on watsr contsnt, and transient gradients and their effect on wat€r movetnsnt are neglected'

As a result, the potential for upward flow from beneath the root zone is not considered by the model'

while fiis shortcoming is probably not important in humid climates, stephens and coons 119941

suggest tfiat upward moisture movement may be important in arid climates. Neglecting upward flow

wifrin the evaporativs zone is probably not imporEnt since the model utilizes the evaporation

coefficient to approximats movement within the root zone. However, it should be emphasized $at

the HELp model does not altow water which has moved downward below the evaporative zone to be

rscovered as upward vertical flow. As a resuh, the HELP model may ovorestimate the deep

percolation, particularly in arid climates whare such upward flow may be appreciable'

Another limitation of the model, also related to transient gradients, is t'rat capillary banier

effects are not considered. The capillary barrier effect occurs when a coarss texturod material

underlies a finer grained material. Although the coarse material is considerably more permeabla than

the fine material under near saturated conditions, ths differences in conductivity between t'te two

materials becomes smaller as th€ materials become driar (capillary pressure increasssl. Beyond a

threshold matric potential, the fine material may be moro pormeable than the coarse material' As a

result, the coarss material acts as a capillary barrier to movement of water until the moisture at th8

interface builds up sufficiendy to drive water into fie coarsar material. Such effscts have the potential

to ,hold, water within the root zone until evapotranspiration can removs h and thur reduce tho amount

of deep percolation through t'te cover.
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The manner in which the HELP model estimates the &ooks€oroy paramote6 may also lcad

to problems if appropriate soit param€t€rs are not selected. Computation of the pore-size disuibutim

index based on the field capacity and wilting point water contents typically leads to indices of less dnn

one (the largest vatue listed for the default soils is 0.651l. &ooks and Corey (19641 suggost dlat a

uniform pore size media would have a very large pore-size distribution index (theoretically approaching

infinityl while a media with a very wide range of pore sizes would have a very small pore-size

distribution ind€x (thooretically approaching zerol. They also suggest drat for typical pofous modi.,

a pore-size distribution index of 2 is usual and t'rat undisturbed, well'aggregated soib sometimes have

pore-size distribution indices of less than t. This implies, then, t'tat the defautt soils used by the HELP

model are agricultural soils widr considerable structure (secondary porosful' Because c€rtain ksy

parameters lwiltino point water content and pore-size disuibution indexl are computed by the HELP

model based on statistical parameters from the agricultural soil data set and wator content data

supplied by the us6r, car€ should be exercised when user supplied soil properties aro input to t'te

model. Therefore, it is b€st to use soil texnrral descriptions to select a HELP default soil since these

havs soil properties which ars within the range of obsarved soil propsrties which form the basis for the

regression equations used in the model.

In spite of the above described limitations, the HELP model apparendy provides reasonable

estimates of recharge through cover systems. Pe6on and Schroeder 119881 compared HELP model

results to measured percolation through a liner at a landfill in Kentucky la humid sitel and found t'tat

the model overpredicted percolation by about 35%. Other researchers have found drat more physically

based models tsnd to predict less percolation than the HELP model. In t'rsir study. Stephens and

Coons 6994) predic-1ed a tong-term percolation rate of O.OO27 in/year for a landfill located in New

Mexico where the averags annual precipitation is about 8 inches and potential svapottanspiration is

about 50 inches p€r year. They also colleaed soil cores from undisturbed areas and analyzed the cores

for chloride concsntration to altow an independsnt sstimate of recharge using the chlorida mass

balanca method described by Allison and Hughes (19781. An average recharge rate of about 0.0075

in/year was computed from the collected data. This compares reasonably well with the estimate from

the HELP model.

A.2 UNSAT2 ModC

In its most general form, the UNSAT2 variably saturated flow model can be used to evaluats

flow in both saturated and unsaturated media. lt is a more physically based program than the HELP

modet and uses the Galerkin finite element msthod to solve the Richards equatim describing flow in

a partialy saturated media. The modd can handle inegularly shaped f,ow regions as well as

nonuniform soils having arbitrary degraes of local anisotropy. How can occur h the vertical plane, dro

28
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horizontal plan€, or in a threedimensional region exhibiting radial symmetry about a vertical axis'

goundary conditions which may be applied include constant head, constant llux and two bolndary

types which are controlled by atmospheric conditons-tho seopago face boundary ard dte

infiltration/evaporation boundary. The model also considers wator uptake by plants using a method

drat accounts for both soil lavailable water capacityl and atmospheric conditions botential

evapotranspirationl. The model is dsscribed in dotail by Davis and Neuman (19831'

To utilize the modd, the flow region must be discretized into quadrilateral or triangular

elements. The nodes which form dre comers of the elements should be closely spaced in areas where

steep oradionts are expectd but can be more widely spaced in other regions. Soil propenis3 aro

considered uniform within an element but may vary from slement to element. The version of $e model

used in this st,dy usos tho &ooks-coroy paramstric equations rather than linear interpolation of

tabulated values to compute soil hydraulic properties. Equation 2 is used to compute water contsnL

while relative permeabilitY, K, is computed with:

K,'#,-t#t''"

Therefore, th€ user must supply the porosity, residual water content, bubbling prossure head, pore'size

distribution index, and saturated hydraulic conductivity for the two principal directions of anisotropy

for each porous medium considered by the model'

Initial condidons must be specified in terms of pressure head or total head t'rrouohout the fiow

region. The modalthen computes responsss to various boundary conditions applied to t're modeled

area. In this study, the important boundary conditions are the infiltration/evaporation boundary at dlo

surface of the cover and the sink term boundary caused by roots within the evaporative zons. For ths

surface boundary, dre maximum potential surfaca flux is set for a given time, positive to r€presom

precipitation and negative to represent evaporation. In ths cas€ of infiltration, the modelfirst attempts

to obtain a solution by sening a constant flux boundary with the flux set equal to tho precipitation rate.

lf the soil cannot fransmit the water downward from the boundary, the model sets the pressure at the

uppermost nodes to zero and computes the amount of infiltration and the excess precipiution is

assumed to become runoff. In d,re case of an evaporation boundary, a similar approach is utilized in

that $e model first anempts to obtain a solution by setting the constant flux equal to $e potential

surface evaporation. lf tre soil cannot transmit wat€r upward to the surface rapidly enough to meot

the demand. tho prsssure at fi3 soil surface is set to the minimum allowable value specified by the

user and the aaual rate of ovaporation is computed. This approach to computing surface flux ir

t5l
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realistic in drat dla actual value of flux is govemed not only by the potential surface flux but also by

the ability of the soil to transmh water'

To model wator uptake by roots, all elements within t'te root zone must be rectangular in

shape. The first node beneadr the soil surface is considered the first root zono node and all nodes in

the vertical column to fie total rooting depth are considerad root zone nodes' At each root zono node'

a root effectiveness function must bo defined. The model then computes the root uptake based on

t're root effectivgness function and the capitlary pfossuro within the root zono' lf the tml upulk6'

obtained by summing tho uptako in each root column, sxcsods the potential evapotranspiration, each

individual uptaka amount is adiusted downward to onsuro drat the root uptako rats do63 not exceed

dre potential evapotranspiration. While this approach is physically based, it is important to note dtat

dre user must specify the root effectiveness function which is related to leaf-area indsx' length of

growing saason and other plant specific information'

To obtain a solution for any given time, the modelcomputes the distribution of pressure within

the flow region at interm€diate times. At each time step, an iterative procedure in which a solution

is enrapolated from the previous solution as an initial estimate of the solution at the end of the time

step is utilized. ltorations continue until an accepbble convergence is obtained' The usot can specify

the maximum number of iterations attsmptod in any one time step. Time stepping is controlled by the

user who can s€t the minimum time step, the maximum time step and the time step muhiplier' The

version of ttre model utilized in this study includes the capacity to reduce the time stsp if cqrvsrgenco

is not achieved for a second attempt at conv€rgenca. During times of wetting front movement {e'g'

during a rainstorml, the gradients at the wetting front are sharp and short tima steps aro required to

achieve convergence. Therefors, small time steps are often required at times when boundary

conditions change (e.g. on a day when rainfall occursl. The combination of close nodal point spacing,

short time steps, and severat iterations within a timo step leads to the need to perform a hrge number

of computations to evaluate the variations in boundary conditions associated with th8 p€rfomance of

a covsr.
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Work performed by Water, Waste and I-and Inc. (1994) has indicated the importance of soil

water holding potential and evapotranspiration in reducing percolation rates through waste rock

covers. using the IIELp and IJNSAT2 models, dee,p percolation rates tt'ough appropriately

amended waste rock were predicted to be less than 1 inch per year, and most probably 0'4 inch

per year. This calculation is based upon the scenario that an effective vegetation rooting zone

of 24, depth is developed within a surface growth medium of significant water holding potentid'

1.1 0rganic Matter Amendment

From previous studies, performed at Barneys canyon Mine and elsewherc, empiricd evidence

exists to prove the value of organic matter additions to mineral soils, including waste rock, in

enhancing the water holding capacity of the media. Although water, waste and l-and Inc has

conservatively estimated a0.5% increase in the organic content of waste rock amended with 10

ilacreorganic sludge, recent measurements show that additions of 20 tlacte provide an organic

content of up to 5.8%, which is approxim ately 5.2% more than found in untreated waste rock'

Measuremens recorded to date indicate that the moisture content of waste rock measured at field

capacity, varies almost linearly with organic matter content. Consequently' there is both

quantitative and intuitive justification for utilizing organic sludge as a waste rock amendment'

to enhance both water holding potential, and vegetation performance'

1.2 Vegetation Cover

while organically amended waste rock is likely to reduce dump infiltration rates significurtly,

further reductions can be expected to occur as a result of evapotranqpiration from a uniform

vegetation cover. The evaporative losses from the upper horizon of amended waste rock will

vary ds a function of rooting depth (the effective evalnration depth) and the surface area of

foliage acting as an evaPotransPiration surhce. The latter is normally quantified as the

cumulative surface area of leaf, per unit area of ground. As this leaf area index (LAD is a

i
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cumulative sum, it can exceed l0o% ground cover' where lcf,% cumulative leaf cover is

expressed as LAI = 1.

consenatively, the HELp model simulations have been based on LAI of 1, whereas appropriate

mirnagement practicas could achieve LAI = 1.6, in the Satt I:ke area' Therefore' in order !o

achieve maximum leaf area, thereby enhancing evapotranqpiration losses from the vegetated

waste rock, a vegetation establishment and management strategy is sought to maximize shoot

yield and reaf expansion, whilst controlling root development in accordance with cap design'

1.3 Objectives

This document describes two independent strategies for the establishment of vegetation cover on

cap* waste rock. As the cover designs differ between oxide and surfide waste rock, the

vegetation strategies necessarily differ. unlike typical mine waste reclamation schemes' which

aim to develop tow-yielding but species-rich vegetation on the waste, vegetation cover systems

designed to ma:cimize evaporative water loss from the rooting zone aim to maximize yield' at

the expense of species diversity, at least in the initial phase of establishment- consequently, the

strategies described below are more agronomic than ecorogical, and win require some post-

establishment maintenance in the short-term. In the longer term, diversification of vegetation

cover, particularry by introduction of native tree and shnrb species will be appropriate, and will

contribute to an increased LAI value'

-2-
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2.0

HELP model simulations have indicated that oxidized waste rock amended with organic sludge

to a rooting depth of 24'will provide an adequate plant growth medium of significant water

holding capacity. In this context, the 24" rooting depth is regarded as typicd, but deeper

rooting is to be encouraged. on the basis of previous studies, the following generic

specifications are aPProPriate.

2.L Waste Rock Amendment and Surface Pre'paration

In order to achieve organic matter incorporation to 24" depth, the surface of the oxidized waste

should be rip@ to this depth, prior to adding organic material. Fertilizer should also be applied

at this point. once sludge and fertilizer have been applied, the material should be incorporated

into the waste by re-ripping or discing horizontal surfaces, and by mixing into slope surfaces

using dotm tracls and rip,pers. The latter assumes a slope angle of =zit'

The following application rates are appropriate:

Sludges
18-4ffi fertilizer
triple superPhosPhate

at rates uP to 100 t/acre*
310 lb/acre
90 lb/acre

*Adjusted for 80% water content to give dry solids apPlication

o,t iO tlacrc; a minimum of l0 tlase will be reqqred:-

The applications should be performed in sprin glarly summer, in pre,paration for seeding in the

fall. A period of approximately 3 months will be necessary to dlow organic matter

mineralization to start, and for volatile ammonia to dissipale from the sludge'I
II
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2.2 Species Selection and Seeding

In order to achieve maximum root penetration and leaf area, rapidly, a mixturc of fast-growing

and high-yietding agricultural gfiNses and legumes is sought' on the basis of resrlts of

reclamation nials recorded to date at Barneys Canyon Mine, the foltowing mixture is

r@ommended for s€ed drillingi rates should be doubled for hydraulic seeding'

The seed mixture is expected to be hydraulically placed, with mulch, in the fall' on slopes' the

mixture should include a tackifier. Ttre following application rates al'e recommended'

The hydraulic application should be performed using the "double application' approach' to

ensure an even ap,plication of seed and mulch. Trris is usually performed by spraying the

contents of the hydraulic seeder over double the usual area, followed by a second, equal

application.

Ttre seed mixture does not contain the full compliment of species, as originally recommended

for rock dumps recramation at Barneys canyon. In this context, the mixt're of agriculturd

species prescribed above should be regarded as rapidly-growing, high-yielding plants, which are

essential to the deveropment of an optimally tranqpiring ground cover. Recognizing ttrat this

strategy provides a crcP of relatively low species diversity' a management scheme wiu be

4-

t

t
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6 lb/acre
6 lb/acre
10 lb/acre
3 lb/acre
2lblacre

Agropyron smithii (Western wheatgrass var Boston)

,liripyron spicanrn @luebunch wheatgrass var Secar)

siciti Agropyron lrybfid @egreen wheatgrass)

Medicago sativa (atfalfa var Vernal)

Metitoiu oficirclis $ellow sweet clover var Yukon)

2000 lb/acre
100 lb/acrc

silver fiber or alfalfa mulch
plantago gum tackifier

Goldcr Associates
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implemented to sequentially diversify the cover, using those native species originally prercribed

for waste rock reclamation.

It should be noted, though, that the gradual introduction of native specias for ecological stability'

rather than agronomic yield, is likely to reduce leaf area available for ranspiration, and possible

average rooting depth. Thereforc, it will be necessary, s I final phase of reclamation, to

establish native tree and shnrb species onto the cover' thereby increasing LAI and effective

rooting depth. It is anticipated that the diversifrcation program will be initiated two years after

the establishment of commercial grasses and legumes.

2.3 Maintenance

Given the aim of producing a relatively high-yrelding cover croP on the amended waste rock,

it is recommended that a topdressing of nitrogen fertilizer is applied to the vegetation, some 6

to 8 weeks after emergence. Nitrogen in the form of urea is the least damaging to foliage, when

used as a topdressing, and should be applied at a rate of 45 lb/acre. Future topdressings should

be performed on the basis of yield and leaf color.

-5-
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3.0 SULFIDIC WASTE COVERS

Whilst the development of a functional rooting zone and maximization of leaf area remain

important objectives in the reclamation of sulfidic waste rock, a cover design based upoo

organically amended waste rock alone offers more risk of infiltration and subsequent sulfide

oxidation, than more conventional cover designs. The achievement of deep percolation rates of

( 0.1"/y, as calculated by the HELP model, will require physical safeguards in addition to an

organic reservoir and evapotranspiration zone. Consequently, Water, WasE and l:nd Inc'

r@ommend a multi-layered system comprising:

24' alluvial topsoil or equivalent

filter blanket

12" coarse sand

8 - 10' ld cmst claY barrier.

The alluvial topsoil layer is expected to offer a higher water holding capacity than organically

amended waste rock. However, the long-term nutritional requirements of the vegetation cover

necessitate organic sludge additions to the alluvial topsoil, which is expected to contain a

maximum l% of organic matter, onlY.

3.1 Topsoil Amendment and Surface Freparation

Given that organic matter in this context is required for long-term nitrogen sulrply, rather than

to enhance water holding capaciry, dee,p incorporation into the topsoil will not be necessary'

Furthermore, as rgot penetration beyond the 24' topsoil layer is undesirable, ild should be

controlled to prevent breaches of the frlter blanket layer, deep phosphate additions should not

be attempted. Rather, sludge should be applied alone to a 6' dePth, approximately' on PrF

ripped topsoil. Pre-ripping should be to a maximum depth of L2" followed by an application

of sludge at rates of 40 o 50 uacre (at 80% wat€r cont€nt).
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No fertilization will be necessary during ttre application of sludg€, h sPring' Rather,

applications of 1E-4G0 compound will be required in the fall, to be performed at the time of

hydraulic seeding.

3.2 Species Selection

A combination of commercial gnss and legume species similar to that prescribed for oxidizod

waste reclamation is appropriate. The mixture should be hydraulically seeded in the fall, at

application rates prcviously described for oxidized waste. The hydraulic seeding and mulching

should be performed in two phases, as follows:

Phase 1. Hydraulic application of fertilizer

- (184ffi comPound @ 3t0lb/acre)

Phase 2. Hydraulic seeding and mulching

- seed @ s4lb/acre

- mulch @ 2000 lb/acrc

- tackifier @ 100 lb/acre (on slope's)

3.3 Maintenance

In the interest of promoting of high shoofiroot biomass ratio, phosphate additions have been

limited, but nitrogen applications strould be maintained. Therefore, a spring application of +to

should be applied 6 to 8 weeks after emergence. An application rate of 45 lb/acre is

recommended, and srrould be reapplied annually, according to vegetation yield and appearancc'

3.4 Root Inhibition

An evaporative zone of 24' is required to reduce infiltration below the rmting layer'

consequently, rapid and extensive root dwelopment is required at an early stage in plant

-7-
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growth. However, deep root growth is to be discouraged, in the event of the filter blanket layer

being breached. A recommended precaution to avoid this, is the placement of 6 o 12' dolomitic

rock above the blanka, upon which the alluvial topsoil will be plaed. In so doing, dee'p

penetration of aggressive roots, such as those produced by alfalfa, is likely to be prevented-

Alfalfa roots arc unlikely !o penetrat€ a L2' layer of relatively compacted rock. Furthermore,

the high magnesium content of dolomitic material is likely to inhibit extensive root growth,

beyond he 24' soil layer.

Goldcr Associatcc
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4.0 MONTTORING

?

It is recommended that a Gmonthly monitoring program is implement€d to record the

- development of:

Variables of particular imlnrtance which should be measured are:

> rooting dePth

> Vo vegetation cover

> leaf area index

In so doing, the constancy of soil organic matter and its effect upon the soil moisture regime can

be assessed. Also, the development of shoot and root tissue, with particular rcference to

root:shoot ratio and leaf area index, should be recorded. In the event of these key variables
11

t indicating less than optimal configurations, the soil and veg@tion management scheme can be

[ : attered accordingly. firis type of monitoring program stroutd proceed for a minimum threc'year

[, duration.

t,t.
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5.0 LONG-TERM AIM

urtimatery, a self-sustaining and ecologically stable vegetation cover is desirable, whilst retaining

those characteristics which are required to mainain an evaporative layer at the dump surface'

It is envisaged that ttre higher yielding grasses and legumes initially established on site will be

competitively displaced by native species. whereas many native grasses and forbs could offer

relatively smaller leaf areas, and shallower rooting depths, ttris potantial disadvantage would be

offset by systematic introduction of woody species into ttre dump @ver. In particular, the

introduction of oak scrub nrberings onto the sulfrdic waste dump would provide relatively high

leaf area indices, to sustain evapotranspiration, but at rerative short rooting depths' other

species to consider in this context include cercocarpus ledifotius (curlteaf mountain mahogany -

oxidizedwaste)andRoscwdsii(woodsrose.sulfidicwaste).

It is envisaged, therefore, that a fertilizer maintenance Program to mainAin high nitrogen and

waterdemanding agricurtural species will be implemented for a two year period, approximately'

This schedule is based upon obsewations of vegetation cover and fertilizer requirements in the

existing reclamation trials, at the Barneys canyon Mine. Thereafter, fertilizer mainenance will

be reduced, to promote the natural coronization of native specie.s. The process of native species

succession can be acceterated by overseeding with trrose native qpecies previously recommended

for rock dump recramation. Folrowing successful introduction of native ground cover' a

tre€/sh$b tranqplantation Program would @mmence'

Goldcr Assoclatcr
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